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ABSTRACT

The objectives of systems analysis are to analyze specific systems
in order to solve predesignated problems, These objectives are at vari=
ance with those of the empirical sciences; which attempt to discover
general laws, Since the two objectives differ, the method of systems
analysis differs from the méthod 6f science., Ih an attempt to evolve
a general method for systems analysis, the matrix-network approach for
thé analysis of complex man-machine systems is presented. This approach
consists 6f seven steps which show how a system can be structured and
how mathematical models of systems aspects can be incorporated into the
over=all analysis. However, some of these steps involve,; besides formal
rules,; the judgment of a knowledgeable analyst. To delve deeper into
this judgment function, various logical, methodological, and psychologi=
cal aspects concerning this function are discussed by different authors.
On the basis of these disciussions the principal author develops require=
ments which must be met by successful approaches to the structuring of
complex systems.
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PREFACE

For thée past two years the Air Force Office of Scientifie Research
of the Offiece of Aerospace Research has sponsored a study by Stanford
Research Institute on the structuring of complex man-machine systems
under Contract AF 49(638)-=1020. This i& the final report of the work
whieh was performed under this sponsorship.

The first year of the project was devoted to the development of the
logic of the matrix-network approach to the analysis of complex systems
and resiilted in Air Force Technical Report AFOSR-2136, which contained
essentially Chapters II and II1 of the present report. The development
of this logic led me to the recoghition of the importance of the concept
of "the knowledgeable analyst' to systems analysis. Therefore, I asked
Charles J. Erickson, Dr. John B. Fink, Dr. Maurice Rappaport, and Leonard
Wainsteih to assist me in exploring this c¢onceépt. The results of their
respective investigations are contained in the chapters they contributed
to this report. As we hope to indicate by the individual authorships
for each chapter, éach author is responsible only for the chapter written
by him, and I alone am responsible for the editorship of the entire report.

The ideas expressed by myself in this report are really an outgrowth
tion in which I have been involved over the past decade. In this coinnec=
tion special acknowledgment is due to several people. Among these are:
Elmer H. Smith of the University of Michigan, who encouraged my early
work in this field; Albert Shapero of Stanford Research Institute, who
introduced me to the matrix preésentation and the threefold classification
of systems elements; and Dr. Harold Wooster of the Air Force Office of
Scientific Research, who gave the impetus for the crystallization of these
ideas.

we received during this project from Dr. Paul Brock, Dr. John G. Meitner,
Dr. Howard M. Vollmer, and Iva M., Warner of Stanford Research Institute,

and from our Contract Monitor, Mrs. Rowena Swanson of the Air Force Office
of Scientific Research.

We also wish to acknowledge the invaluable critical assistance which

K. H. Schaeffer
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I INTRODUCTION
K. H. Schaeffer

Modern technology has given us the means to assemble large complexes
of men and machinés, or systems, in which inputs can initiate events re=
moved in time and space. For ihstance, we c¢an pick up a telephone on the
East Coast, dial a number, and thus start a chain of events which causes
a phone on the West Coast to ring. Or we éan drop a letter into a mail=
box and expect it to be delivered in due time at a specified location.

In neither 6f these cases is the energy used in thée input the energy
that produces the final event. Thus, thée chain 6f events is not under
the complete control of the initiator of the action, but is influenced
by a multitude of conditions and forces. These varying influences some=
causée the input to go astray==we may get a busy signal in our tele=
call, a wrong number, 6r a broken connection; our letter may be
delayed or missent, or even get lost. The more frequent such misadven=
tures, the less useful the system; conversely, a system's usefulness is
enhhanced with increases in the reliability and efficieney with which in=
puts are transformed into desired outputs.

To achieve greater reliability and efficiency in existing systems
and to assure adequate reliability and efficiency in systems under de=
velopment, it is helpful te understand and interrelate the conditions
and factors that influence the performance of the system. One way of
doing this with existing systems is to change a system's configuration
or inputs and then to observe the functioning of the system under these
changed conditions. However, this procedure is time-consuming, costly,
and disruptive to systems in operation, and is impossible in systems
signed for emergency conditions. A more use:ul procedure is to analyze
systems as far as possible through conceptual representations.

During the past two decades many techniques have been developed for
the analysis of complex man-machine systems through conceptual represen-
tation. One can even say that a whole body of knowledge has been developed
toward this end. This body of knowledge and its techniques are variously

known as operations research, operations analysis, operational research,

operational analysis, management science, systems engineering, value en-
gineering, and systems analysis. Each of these terms has some unique



meaning, but the differences between them are of no consequence for the
problem to be discusseéd here. However,; the child needs a4 name; theére-
fore, we shall call this whole body of knowledge and techniques "systems
analysis," and its practitioners, "systems analysts.”

In spite of all the refinements that have already been developed in
the conceptual representation of complex man-machine systems, especially
through the usé of computér téchniques, and despite the refinemeiits that
can be expected to be developed in the years to come, it 1§ still true
that any ¢onceptual representation, since it is not the physical system
itself, can represent only some of the system's attributes and interrela=
tionships. But, to be meaningful, such a representatioh must structure
all factors affecting the purposé for which the system is analyzed, and
to be useful, the representation must be easily manipulated.

The preponderance of effort in systems analysis is directed toward
making the representations or models easier to manipulate, amd thus to
permit the representation of larger numbers of attributes and interrela=
tionships. Typical examples of this development are stochastic models,
which became practical only with the introduction of high speed digital
when the interrelationships are only partially known. Far less formal
work has been directed toward developing techniques that would assure
more meaningful representation. One reason for this is the feeling that
the development of techniques that permit the manipulation of more com=
plex models will, ipso facto, make the representation moré meaningful.

Representatives of this approach are Richard Bellman and Paul Brock,
who have developed numerous models and computér techniques for the solu-
tion of systems analysis problems. In a recént paper they discussed the
concept of a problem and problem-solving.®* Here they note that the steps
involved in reducing a "natural problem" to a "symbolic problem” (i.e.,

a problem solvable by mathematical techniques) and in interpreting the
solution in terms of the natural problem are non-trivial and require ex-
perience and skill. With this we surely can all agree. However, thg

authors then go on to state a criterion, their principal of balance,

g
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* Richard Bellman and Paul Brock: 'On the Concept of nd
Problem-Solving,"” American Mathematical Monthly, Vo
February 1960, pp. 119-134, -

** Bellman and Brock state their principle of balance as follows:

"A
physically meaningful solution of a mathematical problem arising from

a
1.
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a2 mathematical model of a physical process should never p@gsegsﬁa

greater degree of complexity than the mathematical model itself."”
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which can be used "as a rule-of-thumb guide" in the comstruction of
mathematic¢al models which lead to a physically meaningful solution.
Their discussion, however, gives no approach or method except "experi=
ence and skill" by which one c¢an proceed from a physical problem to a
physically meaningful solution, and even more important, they present
no alternative if their principle of balance cannot beé met, This they
justify by noting that their approach is applicable only to those prob=
lems that can be formulated mathematically. The principle is this a
vague guide for evaluating the efficacy of a modsl omce it has been es=
tablished, rdather than an approach o¥ an aid toward the Structuring of
complex systems.

This general concentration on the model rather than on theé natural
problenm appears to be a self-defeating approach to6 systems analysis. The
need for the andlysis of complex systems arises whenever we try to under=
stand or predict their functioning. Usually someé aspects of the system
can be mathematically analyzed; however, only rarely are all the aspects
of the system that affect the problem for which the system is being ana=
lyzed so well khown or precisely formulated as t6 vield to rigorous mathe=
matical analysis. To exclude these less well-und ;tood aspects obviously
makes the analysis incomplete. And to justify such exclusion by stating
if "the problem is not well-defined I cannot solve it" begs the need of
those who are to be assisted by the analysis. Part of the function of
systems analysis is to take ill=defined and ill=structured problems and
attempt to structure them as well as possible. A systems analyst canhot
give up just because he is unable to achieve Bellman and BrocKs "principle
of balance.” He also cannot wait for further developments in the tech-
niques of mathematical modeling, as much as these future devélopments are
desired. The systems analyst must do the best and most meaningful job
now, To do this job he will have to use his "experience and skill."

from a physical system a conceptual representation so mysterious that it
contains no principles, approaches, methods, and techniques? 1Is systems
analysis a strict bifurcation between art and rigorous mathematical model-

But is this all we can say to him? Is the process of abstracting

ing? Or, does systems analysis consist of a blend of judgment and ra=
tional thought? I believe the latter to be the case. Formal work in

the methodology of systems analysis should therefore be directed not

only at developing techniques which permit the formulation and manipula-=
tion of ever more complex mathematical models, but also at developing
techniques which give assurance that the abstractions of systems analysis
are meaningful to the solution of the actual problems encountered in com=

plex systems.



Here we are concerned with the development and justification of an
approach that can lead to meaningful solutions of the multi=variable
problems as they occur during the analysis of compléx man=machine systeiis.
To develop the réquirements for such an approach,; Chaptér II compares
science and systems analysis to discover the similarities and differences
between the two endeavors. In that Chapter; I show that while both rely
oh empirical fact and rational thought, science is concerned with the
developing of theories which describe the '"world,' while systems analysis
tries to foriulate adequate solutions to specifie, predesignated problems.
Methodoloegically, this difference implies that science is e¢oncerned pri=

systems analysis is concerned primarily with adequate solutions to prob=
lems as given. Systems analysis thus needs its own approaches as distinct
from the methods of science. The matrix-network approach to the analysis
of complex systems, which I desecribe in Chapter III, attempts to fill

this need.

Since the primary objective of this approach is adequacy of the
solution to the problem as given, the approach shows how relatively com=
plete system structures cau be developed and how the results of mathe=
matical models, the most rigorous and thus preferred type of systems
analysis, can be combined with the results of less formal analyses to
form one systemati¢ and integrated analysis of the over-all problem at
hand. Since this approach is not completely formal, it must at various
times rely on a ploy, the ploy of a Knowledgeable analyst==that is, an
analyst who acts not only as a decision-maker (effector), but also,
through his judgment, as supplier of the decision ¢ritérion. One ex=
ample of this oc¢ciirs in the preliminary selection of the factors to be
considered in the analysis, and in Chaptér IV, Leonard Wainstein, a po-
but extremely insightful case study method as an aid in this phase of
structuring complex man-machine systems.

That the occasional reliance in the matrix-network approach on the
analyst's judgment as the decision criterion is not a unique weakness
of this approach is demonstrated in Chapter V by C. J. Erickson, an
anthropologist, and myself. Here we show, using phonology as our ex-
ample, that the same judgment function can occur also in formal scien-
tific analyses, where the emphasis is on rigor. However, while this
Jjudgmental element, the knowledgeable analyst, may not represent a unique
weakness, the knowledgeable analyst is the logical and methodological
mystery in this approach and as such requires a more satisfactory ex-
planation than he receives in Chapter III. In an attempt to supply such
an explanation, I asked two psychologists to discuss this problem from
their respective points of view. First, in Chapter VI, Maurice Rappaport
attempts to give a better understanding of the decision-making process

4
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which the knowledgeable analyst employs by examining the psychological
miliéu in which the analyst operates. Here Rappaport focuses attention
on the psychological processes assgociated with decision-making, especially
those cofinected with finding a problem, problem=structuring,; and purposive
problem=solving. In Chapter VII; John B. Fink describes the judgmental
function through a systematic behavioristic examination of the knowledge=
able analyst. Fink uses a stimulus=response discrimihation model to show
that onhe cam describe and define the operations which the knowledgeable
analyst must perform, and that on the basis 6f this model; o6he can state
procedures for systems analysis. In Chapter VIII, the final chapter, I
attempt to draw conclusions about the nature 6f the knowledgeablée analyst's
Jjudgmént under consideration of the arguments advanced by my coauthors

and myself in the previous chapters. On the basis of these conclusions,

I develop a requirement which must be met by every successful approach

to the structurihg of complex systems.



11 SCIENCE AND SYSTEMS ANALYSIS
by
K. H. Schaeffer

The methods of any human endeavor are determined by the objective
for which the endeavor is undertaken. Thus the objectives of systems
analysis will determine the meéethods and approaches required by systems
analysis. If the objectives of systems analysis are identical in form
to those of the sciences, systems analysis can effectively employ the
scientific method. However, to the extent that this identity ih form
does not exist, systems ahalysis may nét be able to use the scientifie
method effectively but may require its own unique methods.

In the following paragraphs I shall attempt to show that in fact
the objectives and methods of scienceé and systems analysis are not iden-=
tical, and that the difference in their methods is especially apparent
in the selection of facts to be considered and in the structuring of
these facts.

This thesis is contrary to much common belief. The phrase "manage=
ment science” tries to indicate by its name that we are dealing with a
science, and Churchman, et al., in their [iitroduction to Operations Re-
search, not only insist that operations research is a science but treat
this as an unargumentative assertion.”™ Likewise, the Operations Research
Society of America stated in its 1952 constitution (Article 1I): 'The
object of the Society shall be the advancement of the science of opera-=
tions research . ."**  However, even within the professional organiza=
tions, doubts have arisen as to whether this discipline is truly a

t

"science." Thus the new constitution of the Operations Research Society
of America, which was presented to the membership in 1961, rephrases

Russell L. Ackoff, and E. Leonard Arnoff, Intro-

* C. West Churchman,
duction to Operations Research, John Wiley & Semns, Inc., New York,
1957, p. 3. )

** "Proposed Revision of the Constitution and By-Laws," Bulletin of the

Operations Research Society of America, Vol. 9, Supplement 1 (Spring
1961), p. 62.




Article II to read: ''The purposes of the Society shall be the advance=
ment of operations research . . ." dropping all references to 'the science
of."

There are differences between the scientific méthod and the method
o6f systems ahalysis, but the two methods alsé havée much in coiifion. Both
reasoning. With these large common elements it is not surprising that
honhest eéonfusion has arisen, In addition, it should not be overlooked
that "science' and the "scientific method" are "6.k. werds,” and since
most analysts have been trained in one of the sciéntific diseiplines it
is usually considered t6 be more expedient to foster rather than to des=
troy the halo which scieénce can give to systems analysis.

The Objectives of Sci

The objectives of science can be éexamined from at least two distinet
points of view. One can ask, "What are the objectives of science as an
activity within the larger social context 6f other human endeavors==that
is, what are the objectives of functions of science within society?"” or
one can ask; "What are the objectives of science within the context of
science itself--that is, what are thé objéctives of the scientist in his
role as a scientist when he is practicing science?"” FEspecially since the
last war, much has been written and many a discussion has been precipitated
on the objectives of science from the first point of view, but for our
present inquiry only the latter point of view is of consequénce, even if
far fewer words have been written about it, especially in popular and ;
semipopular writings. j

Among the modern writers who deal with the objectives of science
from this second point of view, we find by no means a unanimity of thought
but $till a rather consistent theme. Some writers feel that science has
two objectives, and this view is probably most eloquently stated by 4
Einstein:

The larger part of physical research is devoted to the develop-
ment of the various branches of physics, in each of which the
object is the theoretical understanding of more or less re=
stricted fields of experience, and in each of which the laws

- =i

* "Proposed Revision of the Constitution and By-laws,” Bulletin of the
Operations Research Society of America, p. 62.
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and concepts remain as closely as possible related to experi=
ence. It is this department of science, with its evVer-growing
specialization, which has revolutionized practical life in the
last centuries, and given bi¥th to the possibility that man
may at last be freed from the burden of physical toil.

On the othey hand, from the very begihning there has always
been present thé attempt to find a unifying theoretical basis
for all these single sciences, consisting of a minimum of con-
céepts and fundamental relationships, from which all the con=
cepts and relationships o6f the single disciplines might be
derived by logical process. This is what we mean by the
seareh for a foundati@n of the whole of physics Thé Céﬁ=

animated the researcher;*

If, along with Einstein, ohne divides the s¢iences into the special-
ized sciences and a unified base science, then it is beyond dispute that
if systems analysis 1s a science it belongs to the former c¢lass. Its
objectives as such would be, to paraphrasé Einstein, the theoretical
understanding of a more of less restricted field of experience through
laws aid concepts that remain as closely as possible related to experi=
ence. The important emphasis, however, even in these specialized sciences,
is on the "theoretical understanding.”

Popper emphasizes this view when he states that "the empirical
sciences are systems of theories." Popper describes these theories in-
formally as '"nets cast to catch what we call '"the world': to rationalize,
to explain, and to master it. We endeavor to make the mesh ever finer
and finer." More formally Popper informs us that "scientific theories

are universal statements.'™**

A different approach is taken by Kemeny. T In an attempt to answer

the question "What is science?" Kemeny notes that since science embraces

* Albert Einstein, "The Fundaments of Theoretical Physics," Read1ngs

in the Philosophy of Science, edited by Herbert Feigl and May

Brodbeck Appleton—Century—Crofts, Inc., New York, 1953, pp. 253-54.
** Karl R. Popper, The Logic of Scientific Discovery, Hutchinson & Co
Ltd., London, 1959, p. 59. -
*¥k  John G. Kemeny, A Philosopher Looks at Sci ence, D. Van Nostrand Co.,
Inc., Princeton, N.J., 1959, p. 85. o




the whole field 6f factual knowledge, it cannot be defined by its subject
matter (since it has none of its own) but only by its method. Thus, ac=
cording to Kemeny, any activity which employs the scientific method is

a science. This method Kemeny characterizes in turh as follows: 'First
6f all the scientist is an observer. Next he tries to describe in ¢éom=
plete generality what he saw, and what he expects to see in the future.
Next he makes predictions on thé basis of his theories, which he checks
against facts again."

Even so, Kemeny feels that science can only be defined indirectly,
proaches insist that science does not deal with the specific event biut
with general descriptions,; universals, the theoretical.

The writers cited so far all tend toward a realistiec approach to
science; thus one may feel that this consistency in their themes is
traceable to this common approach. However, one can find the same comi=
mon theme among writers who tend toward a nominalistic approach to science.
Since terms like "genéral" and "universal" are anathemas to nominalism,
the émphasis of these writers is rather on the fact that science does
not consist of specific events.

For instance, Chwistek tells us that physical theories are pure abs
their rule reduces to this, that they make possible the systematic clas-
sification of phenomena as well as the investigations directed toward
the discovery of unknown phenomena.'* This statement indicates that,
while the "rule" makes the body of science applicable to specific situ-
ations, the body of sciencé is made up of pure abstractions (i.e., des=
criptions in complete generality, in Kemeny's terminology), which are
not even images of the reality (the specific).

Cohen and Nagel write that "the ideal of science is to achieve a
systematic interconnection of facts. Isolated propositions do not con=
stitute a science. Such propositions serve merely as an opportunity to
find logical comnection between them and other propositions."** Kemeny

* Leon Chwistek, The Limits of Science, Routledge & Kegan Paul Ltd.
London, 1949, p. 3. ) )
** Morris R. Cohen and Ernest Nagel, An Introduction to Logic and

Scientific Method, Harcourt, Brace and Co., New York, 1934, p. 394.
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scientifi¢ method has applications outside of science, and that only
"the most striking applications of scientific method are to be found
in the various natural and social sciences.'™

We can thus conclude that, regardless of whether one's approach to
science is realistic or nominalistie, or whether one beliéves there are
many separate sciences or one theoretical basis, or whether one believes
§cience is the only exemplification of the scientific method rather than
one of a nunber of exemplifications, there is always the theme present
that science does not have its objéective in the specific, the particular
fact or event, but rather in something more systematic¢, abstract, general,
oy universal.

The Objectives of Systems Analysis

The objectives of systems analysis are the analyseées of particular
ations or systems meet certain problems.**

These objectives differ from those of science in two important as-
pects. First, systems analysis deals with the specific, the particular,
thé unique. Its ihnterest in the general description, the universal, and

* Op. cit., p. 392.

** Some will consider this statement too restrictive since it does not
include the selection of the "optimum" situation. I omitted this
decision-making process between alternatives for two reasons. First,
this process is syncretic rather than analytic in nature. Thus the
logic and methods required for it are quite different from those re-
quired in analyzing how a particular situation meets any given set
of problems. Second, while the meaningfulness of this synthesis
depends on the meaningfulness of the analysis which preceded 1it,
the contrary is not the case. Thus one can develop a method for
structuring and analyzing complex systems without considering the
problem of selecting the "best" system from a number of alternatives.
However, it is not possible to develop a meaningful method for ge-
lecting between alternative systems if one has not previously or
simultaneously developed a meaningful method for structuring and
analyzing one system. This restrictive statement, therefore, fo-

cuses attention on the truly analytical part of systems analysis.



the abstract is confined to those occasions where these general truths
of hypotheses permit a deduction toward the specific. While systefis
analysis usés the general as a meahs in the determination of the specific,
in the sciences the specific and isélated fact is used as an element or
Thus, what is for one typée of discip.ine the end is for the other type

a means, and vice versa.

analysis is in "the problem." Some writers on the philosophy of science
eémphasize that any scientific ingquiry must begin with a probiem.* The
types of problems from which scientific inquiry arises appear to have
invariably as their solution a "theory' in Popper's meaning of the term.
Thus a problem in science is solved if it is understood in terms of a
general theory. By contrast; in systeéems analysis the soliition to a
problem is the méeting or avoidance of the predesignated problem in
terms of some purpose. While understanding may be a significant step

in achieving the objectives o6f systems analysis, it is in this context
only a means to an end; and not an end or objective in itself.

The first gquestions asked about any problem in systenis analysis
concern thé criteria by which the problem is to be analyzed. These
criteria in turn are really expressions of the purpose fér which the
problem is to be analyzed. For instance, if the problem is to analyze
an inventory centrol system, the purpose for conducting this inquiry
could be one of many. To mention just twe, the purpose might be to de=
termine the relationship between service and éxpenditure in an effort
be to determine the most appropriate inventory control system within
the over-all company objectives. A possible answer to a study conducted
with the second purpose in mind might be to propose an "instant" manu=
facturing process which would eliminate an inventory altogether, thus

avoiding the problem rather than meeting it. There may be some general
theories which relate inventory control system service to expenditure or
to other facets of company operations; however, such general theories
are not sufficient for the solution of the specific problem with which
the systems analyst is confronted. What the systems analyst needs are

statements that relate the problem to all the conditions that confront
those facets of the system which are involved in the problem. Whatever

* See Cohen and Nagel, op. cit. and Percy W. Bridgman, Reflections of

8 Physicist, (New York: Philosophical Library, 1955).
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is needed to enumerate these conditions fully==or at least adequately
for an acceptable solutiofi=-must be included in the amalysis. The sys=
tems analyst will tFy to relate the various isolated statements of con=
ditions to one another and to show specific and possibly general rela=
tionships between them. Howéver, the fact that he may f6t be able to
arrive at genéral relatiohships does not permit him t6 limit his problem
to those factors for which general relationships can be derived. By
contrast, the scientist is intetested solély in the establishment of
general theories and therefore must limit the selection of the factors
he will consider to those which have bearing on the affirmation or con=
tradiction of one or more general theories.

While there are these differences in the objectives of science and
systems analysis, the two objectives also have some common elefents. The
most significant o6f these common eclements is the fact that both types of
disciplines have no final selutions. No problem in either science of
systems analysis is ever completely solved. Due to the interdependence
of the various sSciencés, no scientific theory will ever be the final
truth until all scientific theories are knowh. Likewise, due to the
impossibility of limiting a problem in systems analysis except arbi=
trarily, no problem of the real world=-be it specific or general-=can
ever be fully understood until it is related to all other facets of the
world. Thus all solutions in scienée as well as in Systems analysis
are temporary solutions-=solutions which for the time being are adequate,
but which never are final.

Differences in the Methods of Science and Systems Analysis

The objectives which ohe attempts to achieve, whether in science,
systems analysis, or any other human endeavor, determine in part the
means or methods used in the realization of the objectives. Since the
objectives of science and systems analysis differ from one another-=in
spite of large common elements--it is to be expected that the methods
of achieving the respective objectives will show differences as well as
similarities.

The two methods are similar because both involve prediction and
both are based on empirical fact and rational thought. The two methods
are most strikingly different in their approaches to the definition of

"fact,” the selection of relevant facts, prediction, and verification.



Definition of "Fact”

Since the sciences include such diverse fields as astrophysics,
nuclear physics, biology, and psychology, questions such as "What exists?"
"What 1s real?" '"What is a fact?" are not easily ahswered in statcments
which deal universally with all sciences. The first approach of the
sciencés to the problem of existéence is the assumption of a common=senseé
realism. Siuch a realism asSufes that the various objects of the external
world exist independently o6f the knower, Furtheriiore it is assumed that
this existence can bé verified objectively through direct observation.
These two assumptions, however, cannot be generalized for all scientifie
ihquiries. For instance, while I know that I am conscious, or while I
know I feel joy and pain, the scientist cannot make statements of this
type about other human beings and still insist on objective vérification.
The scientist can objectively verify the behavior of human beings but
not their sensations, unléess he first translates these sensations into
objectively observable behavior patterns. While a scientist can verify
the reality (that is, the existence) of dogs and cats through direct
obgservation, such direct verification is not possible for subatomic
particles. While we assume, in our common=sense approach to the ex-
ternal world, that time and space are independent, linear, and infinite,
such assumptions are no longer tenable for the scientist who deals with
galaxies.

Because of these difficulties, the writers on the philosophy and
the logic of science have generally abandoned c¢ommon=sense realism in
explaining scientific facts, and have had recourse to theories which im
some way combine the problems of existence and verification. Extreme
examplés of theories of this type are operationalism and instrumentalism.
Also, because of these difficultieés, there is a tendency to evaluate
theories in the philosophy of science by their ability to deal with the
problems of nuclear physics and astrophysics.

The systems analyst, in contrast, restricts himself arbitrarily to
man-machine systems which consist solely of components whose existence
is directly observable. By introducing this restriction he is, on one

sense approach to the problem of "What exists?” 'What is a fact?" On
the other hand, he is forced to eliminate from his inquiry extreme macro=
and microcosmic systems such as the total universe and the atom. This
limitation of systems analysis does not imply that these are not really
systems; it just implies that these are not systems with which systems
analysis--as delineated here--can he concerned.
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The insistence on a common-=senseé view o6f reality perimits the systems
analyst, as part of his analysis, to make such statements as "There is a
computer" without necessarily having toé relate this computer to anything
or to measure the existence of the computer in any manner or form what=
soever, For the systems analyst the existence of the computer can be
treated as an isolated fact. This fact may be related to some other
facts, but to be a fact it need not bée related to anything. This rather
naive approach can of course be questioned from many different points
of view. However, sincé the systems analyst can restrict his inquiry
to those systems in whic¢h this naive approach need not be guestioned,
~he can utilize this common-sense acceptance in an approach toward strue-
turing compléex man=machine systems (which will be outlined in Chapter III).
Another advantage of the common=-sense approach to reality lies in the

that they are objectively verifiable. Thus the systems analyst can ac=
céept the subjeétive approaches of the human component within the system,
and is not forced to the scientific circumlocution of subjéctive state=
ments through objectively verifiable measSureients.

So it is that while the scientist can consider as a fact only that
which is verifiable or measurable, the systems analyst can consider as
a fact that which he considers to exist apart from his observations and
measiurements. The systems analyst's définition is simpler (i.e., more
simple-minded) than the scientist's, but is tenable only in a limited
range of human experience. However, since the systems of systems analy=
sis fall within this range of experience, Such an approach is adequate.

Selection of Relevant Facts

It is a well=known dictum that to know everything about something
implies that one know everything about everything. All of our experi-

éences and all of nature are so interrelatéd that nothing can be com-

arbitréry decision. Thus neither science nor systems analysis can in-
clude "all" that relates itself to the world or to a problem. Both types
of endeavor must deal with sets of relevant facts selected from an in=

finite sea of facts.
To answer the question for science, we can turn to Poincard, who
devotes his entire book on Science and Method® to a discussion of "how

* Henri Poincaré, Science and Method, translated by Francis Maitland,
Dover Publications, Inc., New York.
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the scientist is t6 set about making a seléction of the innumerable facts
that are offered to his curiosity . . ." Summarizing his argument in the
final chapter, he states:

There is a hierarchy of facts. Some are without any positive
bearing, and teach us nothing but themselves. The scientist
who ascertains them learns nothing but facts, and becomes no
bettér able to foresee new facts. Such facts, it seems, occur
but once, and are not destined to be repeated.

There are, on the other hand, facts that give a large return,
each of which teaches us a new law, And sincée he is obliged
to make a selection, it is to these latter facts that the
scientist must devote himself.*

Thus while the scientist can consider a faect relevant if the fact gives
a large returnh in terms of new laws and theories, the systéems analyst,
having other objectives, must use different criteria for determining
whether or not a faet is relevant.

Like the scientist, the systems analyst has no interest in facts
because they are facts. Facts to him, as to the scientist, are only
means toward ends. Since the systems analyst's ends are to study spe=
cific systems for the purpose of solving specific problems, he needs to
be interested in all those facts-=and only those facts--that bear on the
solutien of the specific problem and system under consideration,

When the analyst's field of interest is narrowed to ohe or a set
of specific problems of a given system, some of the facts which are on
the bottom of Poincaré's hierarchy may suddenly gain prime importance,
For instance, one fact about the system may be that it must be opera-
tional on day D, or that the cash budget for operating the system may
not exceed y dollars. These two statements are specific facts, facts
with which no power to generalize can be associated, and facts for which
no generalization may be intended. Thus the fact that the system must
be operational on day D may just as well be associated with the state-
ment that the system must be operational on D+l as with the statement
that the system must not be operational on D+l, or even with the state-=
ment that it is neither highly desirable nor undesirable if the system
is operational on D+1. The fact that the system must be operational

on day D, while not a generalizable fact, is a fact that may well be a

* Ibid., pp. 284-85.
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major restraint oh any proposed solution to the system problem under
discussion. Thus the fact is important and relevant to the systems
analyst while of no importance to the scientist. An analogous argument
could be developed for a cash budget limit of y dollars.

Conversely, facts of great relevance to the scientist may be of
minor importancé to the systems analyst. A scientist who attempts té
establish a general théory aboiit some events in nature will attempt to
recreate these events if possible in a strictly eontrolled environment,
and then on the basis of the measurements obtained in this cofitrolled
environmefit==in common parlance, the scientific laboratory experiment==
will enunciate a general theory. The systems analyst lacks the con=
trolled environment; he must deal with sSystems and problems as given,
not as "defined" or "established." In his complex environment; the im=
portance of the general theories describing scientific abstractions of
the actual situation may be overshadowed by other=-that is,; special==
circumstances to such an extent that the general theories are useless.

For instance, the physicist tells us that the terminal velocity of
free=falling bodies in vacuium ¢an be expressed as a function of gravity
(g) and the height of fall (s); thus:

Let us now assiume that the systems analyst is concerned with the impact
speed of certain free-falling feathérs and stones under wind conditions.
In this case, v is primarily a function of the density of the falling
bodies, wind direction, and wind velocity, rather than of gravity and
height of fall. This specific case is of course in no way a denial of
the theory of free-falling bodies, and theoretically the case can be
described as a more complex case of free fall. However, let us recall
that the essence of Galileo's discovery was the elimination of the den=
sity parameter from the general description of free-falling bodies,
Galileo showed through controlled experimentation--which has since been
substantiated over and over again--that for general scientific considera=
tions, distance (or gravity and time) is the prime factor affecting the
terminal velocity of falling bodies. Density was shown to be a factor
affecting only certain falls, not a factor affecting all falling bodies.
By Poincaré's definition, the facts of distance and gravity are more
general facts than the fact of density, and thus are higher on the
scientist's hierarchy. For the systems analyst in the specific case

cited, however, the facts of density, wind velocity, and wind direction

have greater relevance than the facts of gravity and distance.
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Unfortunately, many an analyst, driven by the desire for "scientism'
rather than the desire for rationalized problem solving, tends to begin
his analysis with the abstractiofis science offers rather than with the
problem as given. Where this ocecurs, he offers neithér good science nor

oversimplified analyses and solutions. The producer=<and thus defender==
of these irrelevances tends to justify himself by claiming that if he had
had more time and money he could have gone into greater detail and pro=-
duced a more meaningful analysis. However,; an examination 6f his methods
and techniques usually does not bear out this assertion. What he did was
to force the specific problem to fit his generalized analysis rather than
fit the analysis to the problem. If he had had an infinitely greater
amount 6f time and monéy, he might finally have been able to refine his
"seientific approach” structure to such a degree that it could handle a
whole class of specifi¢ problems, including the one problem assighed to
him. With only a finite amount of time and mohey available--and alas,
usually far too fihite==it Would be mere chancée if this scientifie course
of fact selectioh and generalization led 6ury analyst to anh adequate solu=
tion. Systems analysis must, as far as possible, struéture the problem
as given rather than treat it as an instance of a general élass of prob=
lems.

Prediction

Both science and systeis analysis involve theé prediction of future
events. However, in spite of this similarity, prediction is also one
of the areas in which the two disciplines differ from one another. The
scientist predicts only those types of events which he can predict,
whereas the systems analyst predicts those types of events he must pre-
dict. If the scientist lacks the theory to predict certain tyﬁég of
future events, he refuses to predict them, excusing himself by stating
that at this time we lack the theories necessary to predict events of
this type.* The systems analyst, however, must predict. It is in many
respects his role to be the fool who rushes in where angels fear to tread.
Where he cannot measure, he may even guess. However, to keep his argu=-
ments as rational as possible, the systems analyst will restrict himself

* The philosophical problems associated with prediction in the sciences
are omitted here; since each one of these problems is shared by sys-
tems analysis. These problems present therefore no distinction be-
tween the methods of science and systems analysis.
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to the narrowest basis possible. Thus the analyst will try to predict
not a whole host of situations, but the least number of situations to
which he can meaningfully restricét his analysis,

Statistics is the tool which, uhder the requirements of science,
has been developed for describing rigorously and rationally the argu=
ments that lead toward the rational prediction of future events. This
tool has been applied to scientific problems as well as t6 those of
systems analysis=-in many respects maybe even more freqiiently to the
problems of the latter than the former. However, the use and especially
the interpretation of statistics raises some quéstions when applied to
certain types of préoblems which are not infrequent in systems analysis.
The systems analyst is frequently called upon to analyze a system in
relation to a one=time occurrence. How will this system perform if
its vehicle is on the first flight to the moon?" 'How will this defense
system react to the first enemy surprise attack?" If the analyst answers
these questions by formulating a probability model based on valid and
consistent assumptions, hé says in effect that there is a class of pos=
sible systems performances (or reactions) and the member of this class
most likely to occur is "a." Now let us assume that the system performs
a possible~<but not the most likely==event. Was the analyst in his analy
sis right or wrong? From the point of view of statistics, the analyst
can only be shown to be wrong empirically if a large set of "first flights
or "first enemy surprise attacks' occurs and the distribution of the
events is significantly different from those forecast by the analyst.
Since "firsts" are one-time events, this type of empirical verification
is impossible. In accordance with this type of reasoning, the analyst
can always claim to be right as long as the event which occurred was
one of the events which he considered possible, regardless of the proba-
bility which he assigned to its occurrence.

By contrast, those who commissioned the analyst will consider the
analyst's answer to have been wrong. These people will insist that they
asked the analyst what will occur, not what is most likely to occur, and
since his answer did not list the event which occurred, but rather anothe
event, the analyst in the eyes of the world is judged to be wrong. The
analyst naturally will complain about such a "misinterpretation” of his
results. But how can he, if he dared to take credit when his prediction

of the most likely event was truly the event that occurred?

The solution to this difficulty can hardly be that in relation to
is neither right nor wrong. If this
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meaning, the analysis must stand in some rélationship of validity to the
actual event., What this relationship is I do not know. All that can be

said here 15 that the meaningful prediction of one-time events is a prob=
lem for which no satisfactory solution has so far been presented.

Verification

Some logical positivists have gone so far as to imsist that only
empirically verifiable statements are meaningful.® Regardless of whether
one cares to share this extreme point of view, it has long beén recognized
that empirical verifiability is an essential attribute of the statements
6f the empirical sciences. Thus the seéientist in formulating his theories
must state them in terms that are at least potentially empirically veri=
fiable. The effect this requirement has on the scientist's definition
of fact has been briefly indicated on the foregoing pages.

For the systems analyst, verifiability doés not 6ccupy a central
position. To be sure; the systems analyst would like to state his con=-
clusion ih quantitative statements which are empirically verifiable; but
unlike the scientist, he will not insist that he may formiilate no other
types of conclusions.

do not differ in their views on what is verifiable, nor on how a svate=
ment can be verified. Thus one is tempted to regard this differesice in
emphasis as a minor difference, However, the fact that verification is
at the very heart of the empirical sciences while it is on the fringes
of systems analysis makes this in some respects the most crucial of the
four differences. The differences between the two disciplines on the
definition of fact and on the admissibility of certain not directly
verifiable facts would not be possible if it were not for the difference
in emphasis on verification. Thus this difference in accent, whi¢h at
first glance appears to be so minor, may actually be the most fundamental
difference between the two endeavors.

The objective of science is the development of theories which describe
the "world," while the objective of systems analysis is the formulation of

* See, for example, A. J. Ayer, Language, Truth and logic, Dover Pub-

lications, Inc., New York, 1950.
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adequate solutions to specific, predesighated problems. This difference
in objective leads to a difference in méthod. While the methods of the
two endeavors are similar in their reliance on empirical fact and national
thought, they differ in their definition of fact, fact selection, proba=
bility, and verification. Two of these differences (definition of fact,
and verification) demonstrate the systems analyst's greater concern to
arrive at some answeér--a partial answer being better than none--and his
lesser concern with a rigorous methodology. The other differences (fact
sélection, and prediction) bring out the systéms analyst's concern with
specific truth applicablée to one=time events, in contrast to the scien=
tist's concern for general truth applicable to an infinite set of events.
It is in the areas of fact selection and prediction, then, that sys-
tems analysis needs differént conceépts and different approaches from
those of science. In an attempt to evolve a general method for systems
analysis, the following chapter presents an approach to the systematic
selection, structuring, and analysis of faets ih systems analysis.
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III THE MATRIX=NETWORK APPROACH TO THE ANALYSIS
OF COMPLEX SYSTEMS
by
K. H. Schaeffer

The approach described here has much in common with the Systems
Analysis and Integration Model (SAIM) developed by Albert Shapero,* and
in the diseussion which follows I am indebted to Shapero and to SAIM=-a
debt which I gratefully acknowledge. The first two steps of the approach
taken heére are nearly identical with SAIM's initial operations, but it
is still well to distinguish between the two approaches since their ob=
Jjectives are different. SAIM was designed to be employed as a self=
contained tool in the analysis, synthesis, evaluation, planning, and
management control of weapon systems, and it has been shown to be highly
successful in these applications. By contrast, we are concerned here
with an approach toward structuring and analyzing systems, so that pre-
dés1gnated problems can be soived wheféver ﬁéssibié thfeugh the formua

orous analys;s—-and where thls is not possible, through the use o£ a
systematic framework for connecting formal analyses with informal judg-
nients.

This approach is based on the assumption that there are systems,
and that these systems can be conceived to consist solely of elements
and direct relations between element pairs. This implies that all com=
plex relations within the system or affecting the system can be described
in terms of these elements and direct relations, The purposé of the ap=
proach, then, is the systematic determination and analysis of the elements
and their direct relations which constitute any given system if it is
analyzed in respect to some predesighated problem or problems.

* For a description of SAIM with special reference to its use, see
Albert Shapero and Charles Bates, Jr., A Meti
Engineering Analysis of Weapon S

Aerospace Medical Laboratory, Wrigwi Air Development Center Wright-
Patterson Air Force Base, Ohio, September 1959. A briefer discussion
is contained in K. H. Schaeffer and Albert Shapero, The Structuring

and Analysis of Complex System Problems, Air Force Technical Note
AFOSR 810, Stanford Research Institute Menlo Park, California, under
Contract AF 49(638)~1020 to the Air Force Office of Scientific Research,

May 1961.
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The employment of this approach invelves the following steps:

§§gp&ggg Preliminary selection and classification of the system
élements affecting the predesignated problems
Preliminary determination of the éxistence of direct
relations betwsen élement pairs
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-

Step Three HRestatement of the system elements and direct relations
6 achieve greater consistency between elements and
§imi

simpler compound relations

[

Sgép_ﬁg;; Mathematical modeling of those elements and relations
that lend themselves to an analysis of this type

Step Five Evaluation 6f the completeness or adequacy with which

S the mathematical models represent the elements and
relations which are included within of subsumed by
these models

Step Six Description of the direect relations that are not or
are only partially represented by the mathematical
models

Step Seven  Judgment integration of the mathematical models and

the additional descriptions

The Assumptions of the Approach

By its name, systems analysis affirms the existence of systems,
However, to arbitrarily delineate the meaning of systems is of little
avail, since this meaning, like those of all broad concepts, is shrouded
in large gray areas. For the present it is sufficient to characterize
a system as a potential or actual physical complex which is considered
in relation to some process. On the basis of this characterization we
can speak of weapon systems, transportation systems, educational systems,
production systems, library systems, filing systems. However, this
characterization is not so broad that it includes any assemblage of
physical objects as a system. Thus, for instance, the typewriter by
itself is not a system unless a process can be associated with it. If,
however, this process is "typing," the physical objects making up the
"typing" system include-=besides the typewriter--at least the typist,
her chair, and the platform supporting the typewriter.



Conversely, when we spéak of ideological systems, political systems,
or social systems, we tend to refer to c¢ollections of processes, funé=
tions, and concepts which are disassociated from specific physical com=
plexes. Such systems would not fall among those which necessarily can
be studied by the present approach, sincé this approach is devised to
handle systems that contain aétual or potential physical entities. While
the approach c¢an be applied to all systems containing physical entities,
it is primarily dirécted at complex man-machine systems.

Although a system may form a whole, it caihnot bé understood as a
whole but must be partitioned into parts which; if connected properly
with one another, will convey the concept 6f the system as a whole,
The usefulnéss of this partitioning depends on the degree to6 which the
sum of the parts equals the whole. Here we will make the working as=
sumption that total identity exists between thé sum of the parts and
the whole.

Many philosophical objections can be raised against the validity
of this assumption, but the assumption is a workable ohe, since every
one of the steps requires to a greater or lesser degree the judgments
of a knowledgeable analyst. Through these judgments by adding, sub=
tracting, or combining parts, the analyst can, wherever nécessary, ad=
Jjust the balance between the sum of the parts and the system as a whole
so that a meaningful identity exists. Without this judgmental process
the identity between the sum and the whole can be maintained only
by definition==in which case, the common=sense defotation of the whole
may be at variance with the defined denotation of the whole. To the
degree that this variance arises, the concept which is being analyzed
and the analysis will lose realistic¢ meaning, and thereby, practical use-
fulness.

Where the end products of systems analyses have beén de¢ried because
of gross oversimplification, it has usually been the case that the sum
of the parts was not in correspondence with the common-sense concept of
the system as a whole. While at times judgment can correct this imbal-
ance, judgment (Since it is nonrepeatable and thus unstable) should be
resorted to only where rational thought is inadequate. Thus the present
approach-=as with any other approach to systems analysis--will be at its
best if it dispenses with ad hoc judgments and still is meaningful. In
short, we must take an atomistic concept of systems in order to be able
to analyze them rationally, but on the other hand we must not be bound
by this appreach to such a degree that the analysis loses practical

here as a working assumption, not as an assumption about the nature of
systems.
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In the present approach, the system eigments are the parts into
which a system is divided for analysis, and the direct relations are the
coninections between the elements; together, these represent the total

system.

The elements include the physical entities which makée up the system,
the processes and operations which connect these entities, and the forces
and factors external to the systeim which affect or are affected by the
existence and operation of the system. Thus for purposes of analysis
the environment in which the system operates is considered to be part
of the system.

The specific elements considered in the analysis will depend on the
purposeé or problem for which the system 15 studied. For instance, if a
weapon system is studied to determine its operational effectiveness, the
eélements representing the physical entities will tend to be the opera=
tional subsystems of the system, and these may be divided into equipments

and O§erat0rs However, if the weapon system is analyzed to ascertain
representing the physical entities will be the maintenance personneli thé
maintenance modules; or the parts which are replaced rather than repaired
ifi the maintenance process. The same variability in breakdown oceurs if
we consider the external forces affecting the system or the operating
procedures of the system. Thus the question: 'How many elements has
system X?" is a meaningless one; since the number of elements considered
is dependent not only on the system but also on the purposé for which

the system is studied. One can say, however, that on the one hand each
system should be broken down into as few elements as possible=<by the
same concepts of parsimony as apply to the sciences-=while on the other
hand the elements should be sufficient in number t6 make them and their
direct relations meaningful representations of the total system.

What are these direct relations which c¢onnect the va rious elements
with one another? If the elements are considered by themselves, they
représent 2 collection of the parts of the system=--a collegtion wi thout
any particular structure. This collection would have as much or as 1
to do with the system as a whole as a pile of building materials has t
do with the finished building. As from a pile of building materials many
different types of buildings can be constructed, so from a collection of
elements many different systems can be formed; and as the various build-
ing materials must be placed in a certain relationship to one another to
form a building, so the system elements must be connected by a given set
of relationships to form the system. The set of relationships through
which this end is assumed to be achievable is the set of direct relations.
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Any particular direct relation exists only betweeh two systei eles=
ments. Opérationally, element A is said to be in direct relation to

affecting any change in any other element of the system,
chatige, in turih, is affected by a change in B. We say that a change in
element A affects a change in element B, rather than that a change in
element A effec . change in élement B, in order to avoid the implica=
tion that thls relationship is necessarily causatlve Throughout, Wwe
shall use the terms ''to affect" and "the affect" if we wish to imply a
broader relationship than a causative one. To use the terms "'to effect"
and "the effect” implies that we are solely concerned with causative
relations, which in this discussion is not the case.

It should also bée noted that the definition of direct relation does
not imply that if A is in direct relation to B, then B is also in direct

rélation to A. If the second assertion is correct, two direct relations
exist. Furthermore, by definition, A is never considered to be in direct
relation to itself,

In making the direct relation the fundamental and sole class of
connec tors Within the systém we say in effeét that every reiatién within
relation) can be broken down meanlngfully 1nto a set of dlrect relations.
Thus there are three possible interpretations of the statement that a
change in A affects C only if a change in B also occurs:

1. The change in A affects a change in B which affects a change
in C.

2, The ghange in A which will affect C requires as a precondition (
which affects A.

B P [\ e ,,._';:if:,:i:".:;’,‘_'fg: 1‘
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In this case B is in direct relation to A and A is in direct
relation to C, while B is in compound relatién to C.



3. While A affects C and B affects C, thée change in A doeées hot
affect B nor does the change in B affect A.

Objections to this last point of view tend to be based on the ob=
servation that the change in A may be too mihute to cause any change in
€, and that the same can bé said about the change in B, and that only
if the two changes 6ceur tegether can their combined occurrence produce

from éné another. This objection ¢an be met by noting that we are here
concerned with the existe“'

a change
affects the cloudburst, if éver SO minutely.
relations must be considered (maybe only to be discarded 1ater 1n the
analysis), we will note in Step Two that it is operationally more fea=
sible to determine that no direct relation exists between a given pair
of system elements, than to determine that a direct relation exists.

The Steps of the Approach

Each step in the approach contains sofie formal and systematic manipu=

lations, but each step to a greater or lesser degree also involves some
judgment on the part of the systems analyst. The approach is therefore
not a rigorous method, but a guide to systems analysis, and only an ana-
lyst knowledgeable of the system will be able to use these Steps. Since
no two human minds can be expected to agree in all their judgments, no
two analysts analyzing the same system for the same preblem can neces=
clusion, In the present chepter, little attention is pa;d to these
judgmental differences--the emphasis is rather on the systematic and
formal aspects of the various steps. Chapters IV-VIII will discuss the
contributions of the knowledgeable analyst te the structuring and analy-
sis of complex systems.
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Step One: Preliminary Selection and Clas

sification of System Eléements

The first step is to idéntify,* gelect, and classify the system ele=
ents. While in theory
if Aot infinite==length, in practice the number of elements listed will
vary in ifnverse relation to the precision with which the problem, or the
purpose of the analysis, has been defined.

Since the meaningfulness of any systems analysis is to a great ex=
tent dependent on the care with which the facts inéluded in the analysis
are selected; and since each systems analysis must be responsive to the
partiéular problems which are its special concern, great care neéeds to
be exercised to assure that a sufficiently complete list of elements is
obtained. To assure this adequacy the elements arée not listed in rahdom
order, but an element classification scheme is used to aid the systems
analyst in the selection of elements by reminding him of the types of
elements that heed to6 be included.

How can the system eleménts be c¢lassified? Since there is an in=
definite number of elements, an indefinite number of c¢lassifications is
possible, and any one of these would be adequate if its sole purpo . were
to remind the analyst 6f the areas in which he might find a likely systems
element for his selection. However, if weé want the systems analyst to
think about the system in some systematic fashion while making his ele=

tory of science that the most successful classification schemes have been
those which in their organization of facts foreshadowed the discovery of
in biology, and the periodic table in chemistry. By analogy, to con-
struct a "successful” classification scheme for the systems elements
would require a general systems theory applicable to all particular
systems.

In the absence of a general systems theory, no classification can
be ¢onstructed which is knowingly based on such a theory; thus s
fication system can be constructed of which we can say a priori that it
will "guide the analyst's thinking through the various mazes of any sys-

tem.” If a classification system were constructed that foreshadowed new

* How case studies can assist in the identification of system elements
is described in Chapter IV,



theories, we could not recognizé this faet until after the theories had
been derived either on the basis of the classification system itself or
paraflél to it. All that ¢an bée done at present is to devise a scheme
t least partially incorporates some of the concepts that appear
ommon to all systéms of interest to systems analysis and which

concepts of significance to the subsequent steps.
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ciasses' de terminers, components, and processes. The determiners are

those elements which affect the system from outside the system proper,
system, the obgectlves of the system in terms of the systems analySLs,
and the other constraints external to the system that operate upon the
system, as for instance the forces of the hatural or social environment
into which the system is placed. The components are those elements which
make up the actual physical entities of the system. Thesée are the ma=
chinés and equipment, the humans who direct; operate, orf perforf main=
tenance within the system, and the facilities that are internal and in=
tegral to the system. The third group of elements is comprised of the
processes which aré performed within the system. These processes in=
¢lude the physical entities processed through or changed by the system,
the time sequences and operating procedures in which operations and ac=
tions ocecur within the system, the communications within the system, and
quite generally all the processes which by themselves represent suffi=
ciently meaningful entities to be considered units==6r élements. There
is always a gray area between those processes which form meaningful en=~
tities and thus are réepresénted as elements, and those processes which
are so vaguely defined that they are treated as relations rather than

as separate elements.

The three categories=--determiners, components, and processes--appear
to have over=all validity since all systems of the type ¢onsidered by
systems analysis appear to have elements which fall into each of these

classes, and all their elements appear to be classifiable==-without force==

into these categories. It may be that there are subcategories within
these categories that have equal universal validity, but, to date, no

convincing arguments or theories of general applicability have been dis-=
covered to support such class_£ ations. For special groups of systems

which are studied for specific pu po es, far more detailed element clas=

sification schemes can be developed.

* Shapero, in his Systems Analysis and Integration Model (SAIM), first
used this threefold element classification, He also developed a
further classification breakdown for weapon systems, which he analyzed

with respect to human factor problems. (See Shapero and Bates, p. 7.)
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The difficulty in establishing generally applicable subcategories
can best bé seen in the component category. The size, complexity, and
grouping 6f the physical entities which will be called elements will,
t6 a large extent, be functions of the purpose of the systems analysis.
For instance, within a weapon system one éan divide the component ele=
ments by operational subsystems or by types of equipment (as found in a
parts catalogs) and job positions. Either set of subcategories will add
up to the same component éategory, but, depending on the purpose of the
analysis, oné set may be favored over the other. Thus, while the sub-
categories selected are to a great extent determined by the objectives
of theé analysis, the three main categories appear to be independent of

applicability.

Thus this report can contain no further classification breakdowns.
The systems analyst is still advised, however, to try to construct such
further breakdowns for his particular system and problems before begin-
ning with the preliminary selection 6f the specific elements affecting
his analysis.

Step Two: Preliminary Determination of the Direct Relations

After a preliminary listing of the system elements has been made,
each pair of elements is examined to determine whether a direct relation,
as defined above, exists between the first member of the pair and the
second member, and between the second member and the first.

Operationally this step is best performed if the elements are listed,
as in SAIM, in an n by n matrix, If within this matrix the element rep-
resented by the ith row directly affects the element represented by the
jth column, the corresponding cell is marked with a 1 (one); if the ele-
ment in the row does not directly affect the element in the column, the
cell is marked with a 0 (zero). The cells in the diagonal which represent
the ith row and ith column are left blank, since an element is never con-
sidered to be in direct relation to itself. To illustrate this matrix,
let us assume that we have an unusually small and simple system, con-
sisting of five elements. For this system the matrix might look like
this;



In this example, for ingtance, elemenit A directly affects element B
(A—»>B) ; therefore, the cell defined by row A and columii B i§ marked
with a 1. Since element B does not directly affect element A, the cell
defined by row B and column A is marked with a 0.

In performing this operation, we are interested solely in establish=
ing whether a diréct relatioh exists béetweeh one specific element and
another specific element; we are not interested in the qualitative or
quantitative description of this relationship. Thus, in performing this
operation we are not concerned by the fact that we do not know the quan-
tities of the relationship or the dimension in which the relationship
can be measured. As important as these descriptions are, it is of even
greater importance that a relationship is not omitted from the analysis
because "we do not know how to handle it." In systems analysis the
awareness of the existence of such a difficult relationship is always
better than ighoring it in order to be able to solve the problem quan-

«b

titatively. The approach thus offers an opportunity to list, in the

process of the systems analysis, every direct relationship regardless

of whether it is easy, difficult, or impossible to describe it precisely.

To think of the existence of something without at the same time at-
tributing to it a description entails well-known philosophical problems.
One may well ask what is meant by saying that a relationship exists with=

out at the same time implying a description of it. For this reason it
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is a more meaningful operation to reverse the question and ask, "Is it
a fact that I can postulate no way in which a change in element A can
directly affect element B?" If the answer to this question is "yes,"
the cell is marked with a O; and if the answer is "no," a 1 is placed
in the cell.

The analyst, in thinking his way through Step Two, will usually
find that he has omitted certain élements in Step One, or that certain
entities of the system are better expréessed through different sets of
elements. Therefore, Step Two usually includes revision 6f the elements
as listed in Step One. Naturally, this revision is not a logical but
only a practical aspect of Step Two,

Step Three: Restatement of System Elements and Direct Relations

Since the elements were originally selected on the basis that they
affect the purpose for which the system is being analyzed, and since this
élements as listed are not independent 6f one another; but overlap eéach
other. Since such overlap in meaning can only lead to confusion in the
process of the analysis, the elements are at this timeé re=examined and
rephrased if necessary, so that the list of elements represents a list
of terms in which each tefm has a specific¢ and independent meaning.

Né precise rules can be offered for determining such possible over-
lap. For the component elements, ohe can say that an overlap in meaning
usually exists if one component directly affects ahother component. The
components, being the physical entities of the system, affect éach other
through the processes, and maybe at times through certain elements ex-
but they should never affect each other directly. The direct relatioms
between component elements are therefore re-examined to determine whether
an overlap in meaning exists, and to determine whether a process was
omitted from the element listing. As was pointed out earlier, since
there is a gray area between the processes and the direct relations,
an analyst may decide to retain an intracomponent direct relation rather

Practical experience has shown that an overlap in denotation between
determiners is frequent. The determiners connected by direct relations
with each other are therefore carefully scrutinized to ascertain if such
overlap in meaning exists, or if the elements truly represent different

concepts directly related with one another.
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Intraprocess direct relations are especially fréquent, and their
existence is by no means a good sign of denotative probléms. Still,
here too,; these direct relations can be used as a guide by noting whether
identical groups of compohent or determinér elements are in direet rela=
tion to two or more processes. If this is the case, it is likely that
the process élements are not independent in their meaning.

Where overlaps in denotation are found, the affected elements are
restated-<sometimes by adding new elements, and Semetimes by coalescing
two elements into one==and the direct relations affecting these new ele=
ments are determined.

In all that has been said so far, certainm assumptions were made
regarding the nature 6f systems but no assumptions were made in regard
t6 the quantitative model 6r models that can be used in the analysis.
Thus the selection of the élements and the determination of the direct
relations were kept as free as was humanly possible from the quantitative
evaluatioh of the predesignated problem. This separation between classi=
ficatory and quantitative description is completely foreign to the me=
thods of science, and in this separation the present approach for systems
analysis differs decisively from scientific methods. Within sc¢ience such
a separation is not only ufifeasible but highly undesirable, since a mean-
ingful scientific statement is a potentially verifiable statement. Thus
the scientist attempts to divide his complexes into those facts, elements,
operations, or c¢oncepts which he can describe quantitatively and verify

empirically, and the requirement for ultimate verification determines
his selection of facts,

Systems analysts have repeatedly used the same methods for their
fact selection. However, it is my opinion that the blind transfer of
these methods of fact selection from science to systems analysis is the
factor which, more than any other, has produced highly formal analyses
which are Practically meaningiess since they solve too limited an aspect

To avoid this, the present approach attempts to precede the quan-
titative description with a classificatory description which can consider

wider aspects of the predesignated problem and which is (as far as hu=
man ly possible) independent of the quantitative description. However,

a quan itative description must follow the classificatory description,
singg the latter is not a complete description in itself, In the follow=-
ing discussion we shall tie the quantitative description te the classi-

ficatory description; thus one can argue that the two are not completely
independent. This is, of course, a fact, but it is also a fact that in
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the preséent approach the requirement for quantitative description has
not dominated or structured the selection of elements or the determina-=
tion of direect relations; as would have been the ¢asé if we were engaged
in scientific rather than problem=oriented analysis.

We now begin to consider how a system which is expressed through
elements and direct relations can be analyzed and guantitatively desceribed.
In systems analysis we are primarily interésted in tracihg ihput varia=
tions and output reguirements as processes through the system and in ob=
serving the effects of these processes upon each élement affected. The

system cah therefore be regarded as a network in which the elements are

the nodes and the direct relations are the links. The analysis of the
system is then the analysis 6f this network. For the example given in

Step TWo the network would look like this:

The rigorously formal or mathematical ahalysis of a Retwork is
theoretically possible if: (1) each link is expressed through an equa-
tion connecting a set of parameters which are the same for all the links

of the network; and (2) if the interconnections of the links at the nodes
follow formal rules. The practical feasibility of the mathematical analy-

sis will be a function of: (1) the complexity and diversity of the rules
which must be followed in connecting the links at the nodes; (2) the com<
plexity of the equations describing the links; and (3) the size of the
network in terms of its nodes and links. If all theoretically possible
links in a network are considered, then the number of calculations to

be performed in the analysis of the network is roughly a function of
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the cubes of the nodes (nd). However, if the number of links is con=
siderably less than their theoretical maximum n(n=1), various techniques
can be used to rediicé the number of calculations réquiréd.*

If the links and nodes cannot be expresséd meaningfully through
mathematical analysis, the network will have to be analyzed through judg=
ment. One may ask what type of Aetwork an analyst c¢an analyze by means
of his judgment, and what factors make this analysis more feasible for
him, No eriterion can be stated to support an absoliite stateiient that
oné network is==and another is not--theoretically analyzable by human
judgmerit; and one may wondér what would be meant by such a criterion.
What man conceives, he judges, if ever so imperfeétly. At least an in=
tuitive answer can be givén to the sécond part 6f the question. It
stands to reason that at least four factors will influence the feasi=
bility o effectiveness with which an analyst can analyze a network
through judgment: (1) the complexity of each link, (2) the complexity
of the interlink connections, (3) the number of links to be c¢onsidered
in each tracing, and (4) the number of links affecting a node or being
affected by a node. These factors are certainly not independent. If
we are interested only in one=link tracings, the number of links affect=
ing or being affected by a node is 6f no consequence. However, if we
are interested in tracings of two or more links in length, this Aumber
is of great importance; for example, consider the following tracihg.

A e ] B i C

Even assuming no cyclical nets or alternate paths between A and C, this
tracing is incomplete and an oversimplification of the relationship as

it occurs in the system, if B is also affected by some other direct re=
lations which in turn affect the direct relation B to C, and if B affects
by direct relation other elements besides C, whére these direct relation-
ships are affected by the direct relation of A on B. Assuming two addi=
tional direct relations affecting B, and two being affected by B, the
tracing of A to C is diagramed as follows.

* For a specific example, see Klaus Wenke, "On the Analysis of Struc-
tural Properties of Large Scale Microeconomic Input-Output Models,"
Management Sciences, Models and Techniques, Vol. I, Oxford Pergamon
Press, 1960, p. 399. -
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There ¢an be ho doubt that the judgmental analysis of this tracing is
more difficult than the judgmental analysis of the simpler previous
tracing. Indeed, this simple example involved all of the four factors

The networks representing systems and system problems of interest
to the systems analyst will rarely be of the extreme types which ean be
meaningfully analyzed in their entirety by means of mathematics,; or in
which all links and nodes permit only judgmental analysis. In nearly
all networks there will be links and nodes which can be analyzed by means
of mathematics, ahd others which cannot be. Therefore our approach must
primarily account for these niixed networks.

As we have seen, by whatever mode a network is anhdlyzed, the diffi-
culty of the analysis will be a function 6f the complexity of the links
links per node and thé number of nodes within the network. These factors
are not independent of oné another. The complexity of the elements (nodes)
will determine the complexity of the direct relations (links) as well as
the complexity of the logic required to analyze the compound relations
(interlink connections at the nodes). If the system consists of highly
complex elements, many élements will be in direct relation to one another
and thus the ratio of links to nodes will be relatively high. On the
other hand, if the more complex system elements were broken up into a
number of simpler elements, the total number of elements to be considered
would increase. At first this appears to be undesirable, since the number
of nodes (elements) is a factor influencing the complexity (or number of
steps required) of the analysis. If the entire network were mathemati-
cally analyzable, this increase in elements might outweigh the advantages
gained from simpler links and interlink connections, even if the link-
to-node ratio is such that certain simplifications can be used in tracing
the various processes through the system. 1In the case of a purely mathe-
matical analysis, the advantages or disadvantages of breaking up complex
elements into sets of simple elements will depend on the specific case.
However, since we have postulated that there are some links which cannot
be meaningfully described through mathematical relationships, the advan-
tages to be gained from representing these systems through simple elements
connected by only a few direct relations appear to outweigh the disadvan-

tages incurred from increasing the number of elements.
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Operationally, this step is performed by examining each column and
row of the matrix constructed for Step Two to ascertain thosé rows and
columns which contain more than a fixed number of "ones," i.e., number
of 1links per node. The elemehts corresponding to these rows or columns
are then examined for possible breakdown. What is the "fixed number?"
The number certainly should not exceed man's capacity for reasoning ef-
fectively through a network in which that number of links either con-
verges on or diverges from a node. It may be that this is an example
of George A. Miller's "magical number seven'-=1 do not know.* However,
this number appears to be a fair start, It is also possible that the
fixed number is not a funétion of the number o6f direct relations con-
verging on of diverging from an element, but rather a function of the
sum of these direct relations.

In replacing the elements=-which are complex, according to the
criterion above==by a number of simple elements, one must note the num=
ber of direct relationships which have been added to the analysis. If
the number of direct relations added exceeds by a factor of two oF more
the number of elements added,; the revision probably will not simplify
the over-all analysis. In this case, the revision may be justifiable
only on the basis that the within-element complexity has now been spelled
out in greater detail than originally planned, which in turn may or may
not be justifiable on the basis of the purpose of the over=all ahalysis.
In short, no arbitrary statement can be madé to the effect that those
elemeénts should be broken up which have more than the fixed number o6f
direct relations by which they are affected or which they affect. Each
case must be examined separately. The final decision must bée made on
the bases of the over-all purpose of the analysis and the simplifications
to be gained by further detailing.

Step Four: Mathematical Modeling of the Elements and Relations
In the first three steps the system was described in terms of ele-

ments and relations. In the subsequent steps we shall attempt to explain

the functioning of the system in terms of these elements and relationms.

* See George A. Miller, "The Magical Number Seven, Plus or Minus Two:
Some Limits on Our Capacity for Processing Information,” The Psycho-
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From the sciences we have learned that the explanation of phenomena
is best accomplished through models. The adequacy (and thus the useful-
ness) of such models is a function of the degree to which they represent
the aspects of the system or phénomena in which we are interesteéd, and
the constancy of the explanation which they offer.

The concept of the system in terms of elements and direct relations
can be regarded as a model. As a model it can be judged to be highly
adequate as a representative tool of the aspects of the system in which
we are interested, since this concept can truly and pracétically contain
a large number o6f highly diversified elements and relations. On the
other hand, if an analyst began to analyze complex interrelationships
within the system solely on the basis of this concept and his knowledge
of the system, he c¢ould not be expected to arrive at éonstant answers
as he repeated these operations. In the case of two analysts, this
divergence in answers would increase even more. Thus the breakdown of

model from the standpoint of constancéy of éexplanation.

The type of model which is best in its cohstancy of explanation is
the mathematical model. Here the same inputs yield the same outputs
(or output distributions, in the case of Monte Carlo models). The draw=
back of this type of model, however, is that mathematics affords a very
limited set of inferences and forces all descriptions into ordered values,
while the prédesignated problem usually requires the consideration of a
wider variety of inferences and valiue concepts than mathematics can ac=
commodate.

To accommodate this wider variety for consideration in the analysis,
we introduced into the approach direct relations on the basis of their
quire. However, to describe and explain the interaction it is best to
use mathematical models wherever possible.

Since we are primarily interested in systems which have relations

that are too complex to be described in their entirety through one mean-
ingful mathematical model, the final step in the analysis will have to

be a judgmental integration. Thus in Step Four the analysis is not re-
stricted to the development of one over-all mathematical model of the
system but is directed toward development of a set of mathematical models
which together describe various parts of the system and certain over-all
relations within the system. It is expected that in building the mathe-
matical models the analyst will use the network structure of the system
as a guide to the aspects of the system which need to be considered; it



is not expected, however, that the models will precisely follow the vari=
ous network 1links, but only that the models will parallel the network or
certain sectors of the network. Again, since the final integration of
thé analysis is judgmental, it is not necessary to have no overlap be=
tween the various mathematical models. Thus it is quite likely that
Model A and Model B will both include certain aspects of the interac-
tions between the ith and jth elements. These aspects will be slightly
different for the two moedels, for if they were éxactly alike a formal
relation (that of identity) could be established between this particular
aspect of the two models, and the two models could be merged into one
model.

The end product of Step Four is then a set of mathematical models

which together partially déscribe and explain the system.

Step Five: Evaluation of the c mple! teness of the Mathematical Models

In Step Five the mathematical models constructed in Step Four are
examinéd for the completeness with which they represent the system. Sihce
the system network of elements and direct relations is a far more complete
repréesentation of the factors affecting the predesignated problem than is
the set of mathematical models, theé evaluation of the compléteness of the
models is a systematic judgmental evaluation of the representative aspects
of the models against this network.

The evaluation of éach model is twofold. First the analyst deter=-
mines which elements and relations are represented in the model; he then

* There is a large body of literature on mathematical models, as well
as on methods and techniques for their construction, which can be used
in systems analysis. Recent publications on these subjects include:

Flagle William n Huggins, and Rbbert H. Roy, The Johns Hopkins
Press, Baltimore, Md., 1960.

Ronald A. Howard, Dynamic Programmin and Markov Processes The Tech-
nology Press and John Wiley ‘& Sons, Iﬁ_ , New York, 1960,

P. Rosenstiehl and A. Ghouila-=Houri, Les Choix Economiques. Decisions
Sequentielles et Simulation, Dunod, Paris, 1960. o

Mihajlo D. Mesarovic, The Control of Multivariable Systems, The Tech-
nology Press and John Wiley & Sons, Inc., New York, 1960.

40




determinés the adequacy of this representation. A model is cmnsidered

to represent an élemént if a functional relationship expressid by the
model explicitly contains an operation performed by or upon thee element.

A direct relation is considered to be represented by the modl 1f a fune=
tional relationship expressed by the model explicitly or impiecitly sub=
Sumes the direct relatioh. An element or a direct relation i§ considered
to be represented adequately if its description in the modeltaontains all
the aspects o6f the element oF direct relation which the analjs—t judges to
be sighificant to an analysis of the system. If these twofeld evaluations
arée made for each model, the end product will show the complteeness of

the representation 6f the system through the models. This tjpe® of evalua=
tion is extremely simple if the models precisely follow the m¢=twork struc=
ture of the system. This will sometimes oceéur, but the mathmsatical
modéls will usually combine elements and direct relations intd single
concepts rather than stand in a oné=to-oné correspondence totlheée network.
The evaluation procedure must therefore be geared toward harnil=ing cases

of this type.

Let us again assume that we have the unusually small anf ssimple
system which was first mentioned in Step Two and for which tié hetwork
struéture is as follows:

Let us further assume that a mathematical model represeit=ing this
structure is the equation:

Model i: E = f(A)

In respect to the structure, this function is obviouslyirsicomplete.
The structure includes five elements, the model only two; thire=fore we
can immediately say that the model does not represent elemenis B, C,
and D. In respect to the direct relations, the problem is mre= com~
plicated. We have in the structure the following direct relst¥Hons:
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Since the model réepresents only the relation between A and E, the
first answer appears to be that the model includes only the direct re-
lation A ===E and that all the other direct relations are not represented
by the model. This interpretation may well be erroneous. The striucture
implies that there are three paths from A to E, feedback excluded, namely:

i g E

b =—pD == E

In the model these three paths may all be represented in the func=
tiohal relation of A on E. Thus it is quite likely that the direct re=
latioh and the two céompound relations are all represehted by the model.
Since the middle element 6f the compound relations is missing from the
model; these relations are certainly no more than partially represented
by the model; furthermore, since the model includes no feedback, the
feedback loops of these compound relations (direct relations D ===»A and
E ====$B) are certaihly not represented by the model.

Without having more knowledge of the systeim and the precise fune=
tions expressed by Model i, only the following conclusions can be drawn:

Conclusion 1. Model i partially represents the affects® of ele-=
ment A on element E.

Conclusion 2. Model 1 does not represent elements B, C, and D,
nor the affects on A or the affects of E.

Conclusion 3. Model i does not represent direct relations D ~—»A
and E ==»B,

Conclusion 4. Model i does not represent, or represents only par-
tially, the compound relations A —=»B —=>E and

Conclusion 5. Model i represents direct relation A——>E either
not at all, only partially, or adequately.

Conclusion 6. Model i represents at least partially either A —E,
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s discussed on page 27.
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The analyst, by his knowledge of the system must make the final
decisions between the choices presented in conclusions 4 and 5. In this
example, we shall assume that the analyst's cheices will be:

Conclusion 4, Model i represents only partially the compound
relations

A==$pB = E, and A = =D == E,
Conclusion 5. Model i represents direct relation A —=» E adequately.

With these definitive restatements of conclusions 4 and 5, conelu=
gion 6 is no longer neécessary, since it contains no additional inférmation,

ince operationally a matrix schemé has been used to represent the
system ip terms of elements and direct relations, this scheme can also
be used in Step Five to record systematically the results of the evalua=
tion of the mathematical models. The results of the evaluation are rep=
resented through judgments on whether certain relations ahd certain af=
fects on or 6f elements are either adequately or partially represented
by the various models. An adequate represenitation can then be syfbolized
by a; and a partial representation by p;, where the subscript refers to
‘the model through which the representation is made. Where a direct rela-
tion is adequately or partially represented by the model, the symbol ay
or py is inserted into the ¢ell representing the direct relation. Where
the affects g£ an element aré réepresentéed by the model, an 84 or p; is
placed in the row heading, and if the affects on the element are also

representéd, the corresponding symbol is placed in the column heading.

For our example, the results of the completeness of the évaluation
of Model i can be summarized in matrix form as follows:

A lrif] pi |Ppi | O] ay

B 0 o | of P

E 0o | o | o




In this matrix, the 0's again indicate those cells which do not
represent direct relations of the system. The matrix summarizes the
five conclusions as follows:

Conclusion 1. Through the py's in thé subheadings of row A and
eolumn E.

Conclusion 2. Through no marks in the subheadings of rows B, C,
D, and E, and ¢olumns A, B, C, ahd D.

Conclusion 3, Throiigh no marks in the cells representing relation=
ships D ==»A and E ==>B.

Conclusion 4. Through the p;'s in the cells répresenting the
relationships A ==»B, B—=E, A >C, »D,
and D ==>E.

C 0Q

Conclusion 5. Through the a, in the cell representing the relation-
ship A ==>E.

A number of column and row headings, as well as a number of cells,
will contain more than ohe éntry at the énd 6f this process. Where these
efitries consist of a number o6f p's, the analyst will have to decide whether
these partial representations are equivaléent to oné adequate representa~
tion. 1If the answer is 'yes," this is indicated by an appropriate code
such as ag, where the subscript indicates that the adequacy is due to
summation rather than to any one model. A row or column heading marked
by an ag would imply that the affects of or on the element are adequately
represented by the mathematical model. This in turn can be the case only
if all the existing direct relations represented by cells in the row or
column are adequately represented. Conversely, if all the direct rela=
column heading should contain an a. This relationship, of course, is
equally valid regardless of whether we deal with gi's or as's. On the
other hand, the fact that a direct relation is partially represented
does not imply that the element affecting or affected by the direct re-
lation is represented. A case in point is our example, where it was
possible that the direct relation C ——D was partially represented
(conclusion 4), but where the elements C and D were not represented
(conclusion 2).

=
h
w

several mathematical medels are used, and especially if three
re of these overlap, the symbols in some of the individual cell
may well become crowded, and the analyst may prefer to replace the p

with an ag and keep the detailed information on another record. It
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of importance, however, that the analyst has a single visual representas
tion which gives an indication of the elements, the direct relations, and
the adequacy with which these are represented by the mathematical models.

As Step Five is completed, it is possible that the analyst may be=
can profitably be represented through mathematical models. Should this
be the case, it is expected that these models will be constructed and
évaluated by the method outlined above.

Step Six: Description of the Incompletely Modeled Rela

The direc¢t relations weré introduced in Step Two on the basis of
their existence. At that time no deséription of these relations was of=
fered. Step Three implied an informal awareness of the deseription on
the part of the analyst, but in Step Four we were for the first time
concerned with the description 6f these relations. However, we restricted
ourselves at that point to those relations which ¢ould be descéribed through
mathematical models. Then ih Step Five a determination was made of the
adequacy of the descriptions offeréed by the mathematical models for des=
¢ribing the direct relations. This determination again implied an in=
formal awaréness of the desc¢ription., To6 obtain a complete and explicit
description of the direct relations, which is a necessity for an explana=
tion of the functioning of the system, an attempt must now be made at
further description of those direc¢t relations which were not adequately
represented by the mathematical models==that is, all diree¢t relations
which exist and are not either a;'s or ag's.

These additional descriptions cannot be accomplished through mathe=
matical models or they would have been performed previously. They will
therefore be far less formal in character, In most cases the best des-
affecting element on the affected element. However, forecing the analyst
to express these judgments not through feelings or by some hidden thought
process but through & linguistic expression=-usually a sentence or para-
graph, but at times a table or figure=-may well assist him to clarify

and stabilize his judgments regarding these direct relations. Where the
escribed through a model, the full

direct relation has been partiélly
description of the relationship will then be the model description and
[}

the additional informal description supplied by the analyst in the pres-

ent step.

It is physically impossible to include these descriptions in the
matrix presentation, but the matrix can be used as an index to the

1



location where the description of the relations ¢an be found. The matrix
is also used in making sure that all direct relations have been described
in one way or anotheér.

Step Seven: Judgment Integration of the System Analysis

The entire system has now beéen described, and certain préocessés
within the system have been explained through mathematical models. All
that remains i§ to answer the predesighated problems which gave rise to
the system analysis in the first place.

g6 far only at one point==thé selection of systéem elements. Here a con=
scious attempt was made to include all those elements which stood in an
affecting relationship t6 the predesignated problem. After the elements
were once fully established, no further reference to the predesignated
problem has been made until the present step. The reason for this is
not accidental. Although the predesignated problem should circumscribe
the analyst's field of inquiry, it should not determine his course to
such an extent that he overlooks the side effects and apparently peri=
pheral problems which may have afi effect on the predesignated problefi

in the long run. Thus everything was done to broaden the analysis so
that it could be moré meaningful thafi an analysis which i§ dominated by
a clearly defined and often oversimplified measure of effectivéness.

Single measures of effectiveness, however, also have their advan-
tages. It is through these measures that complex system problems can
be focused--that they can in fact become comprehensible. To a decision=
maker, the wealth of data assembled by the end of Step Six may by its
quantity be more confusing than clarifying. A company's profit and loss
statement may not reveal everything about a company, but it brings the
success of the company's recent operation inte focus. On the other hand,
if we focus too exclusively on a single factor we may suddenly find our-
selves in serious trouble. Past profits are not necessarily an indicator
of future profits. Thus we must strike a balance between the "too much”
and the "too little." The judgment integration of the systems analysis
should therefore focus the results of the analysis without a confusion

of data.

Within the elements and relations network, focusing can be accom=
plished in at least two ways. The analyst may focus his attention on
any one element or he may focus on a chain of direct relations which
connect two given elements with one another. In either case, he will
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notice thé various elements and direct relations which affect his focus
and then broaden his focus as he sees fit.

If the analyst is interested in a particular physical entity of the
system, a process within the system, or the relationship of the system
to a factor external to the system; he will select an element as his
foeus. If his interest is, rather, in the relationship of an external
factor with a process or component of thé system, he will more likely
select a chain of direct relations as his focus. In either case, the
dnalyst will proceed in his integration by comparing through informal
judgment the model résults and other descriptive material which pertain
t6 his particular focus.

While no formal rules can ba stated to assist the analyst in the
selection of the "proper' focus, his freedom of choice in selecting one
focus or a number of focuses is one of the unique features o6f the approach
preséntéd. We noted that predesignated problems are, for all practical
purposes, poorly defined problems and problems which do not lend them=
selves easily to a precise meaningful definition. The proper answer to
these predesignated problems is therefore not the answer to one precisely
defined problem but rathér the answer to a number of these more precisely
defined problems. Each focus integration can bé regarded as an answer
to one of the number of "more precisely defined problems." Since all
the focuses originated from the over-all analysis,; the total end product
will be a set of self=consistent answers, even if these are not neatly
wrapped up in a single measure of effec¢tiveness.

Problems of the Approach

In spite of the fact that the matrix-network approach has been often
described through methodological rules, the approach is not a method,
since it lacks sufficient precision to merit this title. Ultimately, of
course, we want a method for systems analysis just as we want and have
a scientific method. While the approach may be regarded by those who
agree with it as a step in the direction of such a method, there are at
least three assumptions which were not analyzed and which require careful
analysis if the approach is ever to be developed into a method. These
assumptions are that there are predesignated problems, that systems are
bounded, and that analysts are knowledgeable and have judgment. While
one may be quite willing to accept these statements, they are not simple
statements, but rather complex concepts which may well imply different
ideas to different people.
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What is a problem? Doés a problem statement imply a solution=-
albeit ever so vaguely? If I go to a physician and say, "I have a pain,’
thé solution seems to be to remove the pain. How this solution éan be
effected is, of course, another question. Thus I seem to go to the
physiéiain néet to have him find the solutien--I already know what this
is to be==but to have him tell me how the solution can be effected and
possibly to execute the plan he formulates for effecting the solution.

On the other hand, we often hear from the analyst that those who reéquest
his services don't really know what their problems are. This statement
appears to imply that, if the solution is effected which the predesignated
statement of the problem implies, then there will be other problems not
yet foreseen by the analyst's client., This in turn implies that the

lem, is not necessarily limited to it. The present approach accounts
for this lack of identity to some degree by regarding the predesignated
problem as being shrouded in gray areas, rather than as a well=defined
problem.

While this may be regarded as a pracétical soliution, it raises a
second question: What are the boundaries of the systeim that the analyst
must consider? The present approach implies essentially two answers:

(1) that the physiecal limits of the system are coextensive with the
physical entities that make up the system; and (2) that the analytical
boundaries of the system as considered in the analysis also include the
factors external to the system which affect the system. Thus the system
has, in effect, two sets of boundaries=<a physical one and an analytical
one. In other writings this duality has been expressed as a concept of
the system (as such) and the system within its environment, or as a con=
cept of each system as part of a supersystem. The concept of a hierarchy
of systems is widely used in systems analysis. The closest approximation
within the present approach to the consideration of a hierarchical struc-
ture was in Step Seven, where the problem of focusing the integration

was discussed. The general approach here, however, has been to treat

the system as a whole, rather than as a multidimensional hierarchy.
Still, unless we want to try to understand the whole world in one swoop,
or unless we expect to reconstruct it out of its atoms (in the Greek
meaning of the word), our understanding divides the world hierarchically.
Thus the present approach requires an extension to show how a subsystem
analysis is related to a system analysis, and how the latter is related
to a supersystem analysis.

There can be little doubt that such an extension requires, first

of all, a careful analysis of what we mean and what is implied by the
predesignated problem and the boundaries of a system.
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Whenever, within the present approach, we were unable to formulate
a rule or to describe how a giveh step could be accomplished, the ploy
of the knowledgeable analyst's judgient was introduced. He with his
judgment was supposed to solve the problem which could not be formulated

with sufficient precision to permit a4 formal answer and thus bé éxpress=
ible in terms of a rule. If judgment is considered to bé the logiec nsed
where formal logic is not yet applicableé, the problem of judgment éan be
regarded as an unimportant one in itself, since it will ultimately be
replaced by a formal logie. On thée other hand, if we take the more
realistic approach that judgment is introduced where formal logical con=
siderations are not applicable, then judgment is a probléem in its own
right. If we regard judgment from this latter point of view, an analysis
of the contribution which the knowledgeable analyst's judgment makes to
systems analysis appears to be one way of attempting to give the present
approach the precision required of a method. To lay the foundation for
such an analysis, five authors will discuss four different aspects of
the problems related to the knowledgeable analyst.
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IV THE CASE STUDY AS AN AID TO THE ANALYSIS OF COMPLEX SYSTEMS
by Leonard Wainstein

Editor's Note: The most eomplex systems which have
to date been subjectéd to systems analysis aré these
ihvelving a great number of human beings aéting indi=
vidually, who have different levels of motivation
and différent objeetives. Systems of this type are
motor vehicle traffiec contrel, c¢ity planning, compet=
itivé business Situations==and war, éspecially the
cofmand and €ontrol aspects of military éenfliet.

In the study of these very complex systems, it has
récently bécomé prevaléent to begin with a case study
analysis of a past situation which displayéd ehavae-
téristics similar te the system to be analyzed. The
casé study is thus really & prestép to a systematic
systems analysis. In this éhapter, Wainstein dis-
¢ugses the role and value of such casé studies as
well as their problems and limitations. Wainstein
also points up the relé the analyst plays in the
performance of these case studies,

Systems analysis concerns itself with specific situations and spe-
cific problems. Its focus is on the uniqueé, not the general, However,
it is unlikely that most problems or parts théreof, however unique, have
never had a counterpart of some sert and to some degreé in other specific
situations, The examination of historical countérparts can offer a
fruitful source of insight to the analyst. The methodological technique
is the case study method, and this chapter will attempt to sketch some
of the ways the case study method can be of assistance. The strengths
and limitations of the different types of case study will be examined.

The search for analogies, it must be made clear, has very definite
boundaries and limitations. Parallels are never exact or complete.
Superficial similarities can often blind one to fundamental differences,
Nevertheless, true "uniqueness" is probably hard to find. The systems
analyst with his interest in "unique problem X" will still find it of
value to seek parallels for insights from the analyses and solutions of
earlier counterparts. It should be made clear that the sorts of complex

systems referred to in these pages will be collections of processes,



funetions; and eoncepts which may or may not be associated with specific
physical compléexes. The c¢asé study is most useful in providing insights
as to the human part of man-machine system relationships. It is prima=
rily a methodological tool of the social sciences, but its valué has also
beenn shown ih the more hardware=oriented problems of operations research
and systems analysis.

A case study is an attémpt to deéscribé and understand a uniqué évent
or series of events in toto. Completeéness is its distinguishing feature
in éentrast to the use of only certain information about a past évent to
test or illumihate a current problem. It is a "deseription" of something
that oceurred, o6f thé interrelationships and intéractions of components
within a éertain broader matrix, VYet it is morée than a meré ¢ollection
of facts; it goes beyond plain description to analyzé why things happened
as they did. Interpretation and assessment are integral stagées in a case
study. Only by post facto analysis; utilizing our khowléedge of the ultis
mate results and aftereffects of the particular situation or problem can
we see all the interworkings of the componént eléménts. Hindsight is not
merely permissible, it is indispensable. What distinguishes the case
study from a formal and straightforward histofy is this element of pur-
pose. The cdse méthod is designéd to provide insights for iuse outside
the compass of the immediate case under study. Its aim is not mereély to
gain complete information about a particular episode; it is not an end
in itself. The case study i$ only a first step for the analyst. It is,
for instance, an input to a systéem analysis of the type discussed in
Chapter 1II; its lessons must bé put to useé by the analyst in the analy-
$is of the system of his primé interest. This point of purpose mist be
cons tantly kept in mind during the case study in order to achieve results
most useful to the broader problem.

It may be argued whether the greatest value of a case study lies in
its completeness of description or in the sophistication of the following
analysis. The weight values of the two stages differ, as do their reli-

ability. This point will be discussed further later in this chapter.

In the analysis of a complex system, a case study of a similar sys-
tem operation or part of a similar system provides the analyst with an
actual working example. The analyst does not have to imagine one or
create one in theory. His own visualization of the specific system he
is concerned with is clarified by having at hand a picture of a similar
system in operation. In this system he can see the interrelationships
that clashed, and especially the unforeseen circumstances that occurred
and the factors that had to be met. The case study is both a source of
useful data and new ideas and a sounding board against which the analyst

can examine other new ideas. The method is a means of generating new
concepts and conclusions.
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Above all, perhaps, the "real" case study illustrates relationships
of cause and effect. The definition of "ecause" here implied is admit=
tedly narrow and special, being based upon the fact that a case study is
primarily an analysis of purposive human behavior in a given situation,
The concept of ''cause" is really anthropomérphiec. The facts of the phys=
ical world do not have a link analogous to that idea of purpose which,
in events and operations invelving humans, links effects to causes. In
human activities the cause is not only the indispensable antecedént but
also contains the element of intenhtion which produced the event: A c¢ors

tention, but a man throwing that cornice does. The case study illustrates
the critical role of intefition in cause in operations involving humans.
The injections of realism act as constraints which compel the sys=-
tems ahalyst to avoid forcing his specifi¢ problem to fit any preconceived
notions of ahy pre=established generalized analysis which may offer tempt=
ing means of simplification and solution. They tend to fix boundaries to
his freedom of c¢hoice, both of analysis and solution. The real life fac<
tors thus help to ensure that the analyst will fit his analysis t6 the
problem rather thah the problem to the analysis.
The case method thus provides a means of "testing' the reality of
the analyst's concepts, inputs, and conclusions. 'Testing" is probably"
a dangerous word to use in this context, but it is meant in the sense of
a mirror in which the analyst's comncépts, inputs, and coniclusions can be
compared with the real life factors of the case study. In other words,
the case method péermits at least a partial descent from abstraction to
reality. Needless to say, this is not an absolute statement, since sys=
tems analysis will always involve someé degree of prediction and therefore
of abstract analysis. The more "real” inputs one has, the less one will
have to rely upon hypothetical creations of unchecked and often uncheck-
able value.

The case study method is not without its own mechanical methodo-
logical problems. The existence of these and their treatment in any

are applied by the analyst to his broader problem.

The first limitation may come in the matter of data availability
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critical details or that the available data are accurate. In the first
place, much is never put on paper in the form of records, and secondly,
memories fade or warp very rapidly. Personal reminiscence is
to be handled with caution: the problem becomes more difficult
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as the case example becomes more remote in timé, The dead ¢annot be
analyzed and interviewed, and documentation gets scattered. While im-=
provements in research techniques can improve the matter of data avail=
ability and reliability to some extent, théré are sharp limits.

Another problem of thé case method concerns the matter of the re=
search analyst's interpretation of his case study, which; as we have al=
ready stated, is a vital part of the case method. In matters historieal,
variability of inteérpretation is always possible and, indeed, perhaps
even probable., This variability may be the result of moré than merely
different interpretations as to the meaning of certain causes and effects.
A further element of variability can be introduced by the bias résulting
from thé researcher's academic disciplinary focus. An economist may in-<
terpret the facts of a historical situation in a fashion giving economie

factors prime place as historical motivations. The politieal scéientist
will do the same for political pressurés; the sociologist, soeial and
céultural faetors, A given situation may well have had all thése factors
operative in it, but in the attempt to understand cause and effeét, the
analyst must recognizeé that the factors werée not 1likeély to have carried
equal weight.

These subjectivée biases may be obvious of they may beé subtle., They
may be coénscious or they may bée uncons¢ious. In either case they are
inevitable, The systems analyst must keep these c¢aveats in mind when heé
¢comes to the poeint of using the case study as a tool in his larger prob=
lem analysis.

The selection of a spec¢ifié case to study as illustrative of and
bearing a similarity to the over-all complex problém under analysis or
to a part thereof, can also present a "problem of abundance,” which is

above. This problem can break down into two parts. The first concerns
selection of the case study itself. From the mass of likely candidate
cases, which one or ones are to be selected? What are the criteria for
selection? This is a highly subjective mattér and one which rests com-
pletely upon the "knowledgeable analyst."' Only he will have enough grasp
of his main problem (and this must always be the guidepost) to know where
and how case studies will be able to assist him, and only he will possess
the insight to see similarities between the partially formed facets of

his own problem and other similar examples. Exact parallels, of course,

case studies should not be undertaken until one has sufficiently examined

the scope of his own problem and laid out its main facets. Only then will

the analyst have gained sufficient familiarity with his own larger problem
to make comparisons with other cases and to draw useful insights from them.
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The undertaking of case studiés too soon can lead t6 a pursuit of wrong
lines of endeavor and to results which do not offer thé kinds of insight
thée systems analyst is seeking.

Obviously, the task of what might be called "adaptation," the draft=
ing 6f a study from documents or interviews i§ generic¢, and is not, as
such, specifically a result of the problem of abundance. However, abun-
dance of canhdidate materials certainly affects the task of adaption. From
Study best suited to illustrate and illuminé the analyst's own problem.
Then the material of the selected case study itself must be chésen with
an eye to the analyst's ovér-all probléem. This répresents the second
part of the methodological problem area.

i

This is the problem of selection of facts; of what is important. Ob=
viously, the analyst must avoid selecting only such facts as he may find
casée méthod to buttress his preconceived

(2]

convenient, thereby using the cas
ideas about his own broader problems. This misuse of the case method is
far from unknowh. Since the analyst inevitably will develop cértain no=
tions about‘pis own problem at a certain stage in his analysis, the mo=
ment in thé larger problem study at which case studies are selected and
launched must be ¢hosen with caré, The moment should be after the ana=
lyst has developed sufficieney of grasp of his problem but before his
preconceived notions tend to harden.

Part of the problem is the selection of facts, and indeed, even more
basic is the question of what is a fact. Any social Sc¢iéhcée or histori=
¢al research encounters this problem. It has already been mentioned that
one can never really be sure that evidence is totally correct of that the
deductions drawn from it are sound, since the non-physical science type
"fact" is subject to interpretation to a vastly greater degree than its
physical science counterpart. There is no need to pursue this problem
here. Let it be said simply that records of past human events can never

be considered as absolutely accurate beyond the slightest shadow of doubt.

The last point to be made concerns the problem of "uniqueness," which
will lead to a further discussion of the differences between two types of
case studies of use to the analyst. The problem of unigueness involves the
larger problem of the value of "history," of a study of past events as a
source of insight to the present and the future. The case study we have
been talking about thus far in this paper is of a one-time event. Alone,
it has the value to the analyst we have ascribed to it--it offers an éex-
ample of what can happen in a problem situation of somewhat the same na-
ture. However, nothing more can be ascribed to it in the way of being
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a basis for generalization. It must first be "compared” to other, simi=
lar* case studies., In short, one conduéts a series of case studies of
similar problems and is then in a much better and strongér position to
attempt to make a geéneralization which, in turn, provides the analyst
with more soundly based insights into his larger problem. One is thus
providing a basis for 'comparisons'' and foF a search for 'regularities.”
If, within the contexts of séveral case studies, the same elements ap=
pear and act in éertain similar ways, one is on much safer ground in ass
suming the probability of the presence of that element in any other
Simiiar situation Certainly one aéquires a firmer chéck point on the
to construct from a series of case studies Again it must be emphasized,
however, that terms like ''regularities” or '"common elements" are purely
relative within this c¢ontéext. Exactness will never be found, but at
least the analyst is given some idea of what te leok for or expect in his
own unique problem,

The situation thus preséented leads close to a elassic problem of
historiography, namely, the ability (and right) of historians to "gener=
alize" in the face of the one=time uniqueéness of history. History deals
with thé unique; 56 does Systéms analysis. Yet the greatest value of the
study of history comes from its insights more broadly based, namely, its
geheralizations. The Sequénce in the utilization of history by the sys-=
tems analyst should go Something like this:

or
unique events ———» generalization.———» unique problem
The ability of the historian to provide such generalizations is a moot
point, especially in the eyes of some social scientlst The develop-=

ment of social Science methodology in the last few d,,ﬁges has given
rise to a new approach to the case study, one in which the case study

historical parallels are nonexistent, we are dealing with events ir

which the surrounding circumstances, the motivations, and the dynamic
forces have characteristics in common. End results may be very dif-

* Similarity as used in this paper is a relative term. Since perfect

,:5

ferent, but our major concern in a case study is with the dynamics of
the situation and why these operated so as to produce a certain result.
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historians and Social scientists over the merits of their respective
methodological approaches and the validity of their sibsequent outputs.

Thé nub of the problém lies in thée right to géneralizé or, carrying
it a step further, to predie¢t human behavior in the way the physiecal
sc¢iences predict.

At the same time, the historiecal method has alse tended to form inté
two sc¢hools which, in théir own way, résemblé the divisions between so=
¢ial science and histery. Soc¢ial sc¢ience has follewed suit, with advo=
cates of each school of moré or less rigor in placing more of less
emphasis oh résearch and analysis., Since these differences, both inter=
nally and between history and social science, affect the value of the
case study method to the systems analyst, it may be worthwhile to discuss

this paper.
First; the schism in social scéience., David Riesman has said that:

All social science work today establishes itself o6n a scale
whose two énds are theory and data. At oné éend are the great
theoretical structures by whicéh we attémpt to understand our
age; at the other, the relatively minuscule experiments and
data which we coliect as practicing social scientists.”

In between are smaller schemes of generalization, as well as larger and
less precise observations. The relationship of the two ends of thé scale
is never completely clear.

Attempts to break down the large theories into pieces which can be
tested are still unproven, and, to use Riésman's words again, no one has
yet developed a general method of "going from the twigs of research to

the main trunk of social science theory."

However, the sharpness of the polarity between data and theory
schools has varied with time. With the development of the new technic
of testing in the last thirty years, even if only weak tools now, there
grew a suspicion of and condescension toward the so-called impressionistic
work of early writers, including the most significant works in the devel-
opment of social science. Very recent years have seen a tendency on the
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* David Riesman, "Some Observations on Social Science Research," The
Antioch Review, Vol. II, September 1951, pp. 259-278,
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part of social seientists to avoid rigid adoption of one éxtréme or theé
other, with a consequent willingness to utilize both inductive and deduc=
tive approaches.

At the same time, the problem of the development of thé néw tools
is that they suggest a strict form of soeial s¢ienee in which évery gen=
eralization can be supported by data or by unassailable deduction from
sécure data; these generalizations then béing as useful as those of the
natural sciences., However, for the present at least, such generalizations
cial science can become less meaningful as far as permitting us to under-
stand a broad séquence of developmeént,

In view of the diffieulty of linking any important generalization
to measurable data, the basié¢ problem remains, Theré is no guestion
that the new methods and techniques of research must be acceptéd, ineles=
gant and narrow though they may be, but at the same time, the essence of
social science should not be downgraded, namely its power to illuminate
and déseéribée in some larger framework the experienced details of life.
It must be so, for it has been wisely said that in the social sciences
we are today in a position where we cannot prove all that we know. As
Immanuel Kant put it, "Theory without fact is empty and empirical inves=
tigation without theory is blind."

After all, theory itself is only an effort to explain and order
facts, Agreement with some large and crucial facts may bé more important
than contradiction by them in somé details. Often, éven theories which

There are many cases where theories refuted on a basis of small facts
still provide useful ways to organize thought. Tawney's investigation
of religion and the rise of eapitalism is certainly a case in point, or,
the map maker's flat earth maps,

Now, a word about the two schools in historiography--the broad and
the narrow approaches., Historical facts really begin to acquire signif-

icance only when they are grouped in a system of cause and effect. Only

then can it be said that knowledge lead$s to wisdom. In reconstructing
the facts of the past, we can set ourselves two different aims, We can

there exists a connection of cause and effect between preceding and suc-
ceeding facts. Historical writing which stops at the ascertainment of
facts may be erudition but not really history, History is the effort

to organize these facts according to the principle of causality. What
makes this somewhat different from the regular method of science, how=
ever, is that the historian cannot prove cause and effect. He can only
interpret,
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From this the next step is té6 the development 6f generalizations,
and it i§ hére that one 6f the greatest differences within the ranks of
historians océurs. Theé school of thought whieh believes in the need for
generalization uses the term in the sense of a proposition that describes
gome attribute found common to two or moré objects or situations., Cers
tainly a generalization isn't much of a géneralization if it Speaks only
of two cases or objects, but it is still sométhing more than a statement
of the unique, Thé uséfulness of the generalization is enhanced by the
frequeney with which thée common attributes appear. Historieal general-
izations can really be made safely only on a basis of high frequeéncy of
appearance. The more éaseés examined, of éourse, the safer the géeneral=
izations are likely to be, If a common attribute appears in four out
of five cases, it may be presumed to appear in eight out of ten also; but
one is much safer ih presuming sixteen out of twenty on the basis of eight

The historian is always seéking the unique, individual decisioms,
but his real goal should be the study of general "regularities,” in order
to arrive at the mat¥ix within which thése uniquée décisiong are embedded.
Both approaches are needed for fuller undérstanding. General regulari-
tiés give us a background and a framework, and yet within the framework
there always will be the real one-time decisions of individuals. The
historian must continue to examine "uniqueness,' because the study of
regularitieés cannot, by its very nature, provide the whole relevant story.

The interrelationship of social science technigque and historical
method shows up in the concept of regularities. This is a quantitative
concept in a field concerned mainly with qualitative data. Like all
quantitative operations, hewever, it is based upon qualitative recognis=
tion. Nothing can be counted until it has first been recognized as a
certain something. The act of recognition is thus an essential precon-
dition to any judgment of repetition,; frequency, or, in other words, reg-
ularity, loose or precise. It is the insight of the humanistiec historian
which provides the sources for the acts of recognition upon which all
Jjudgment of regularity depends. Recognition must precede measurements
of any sort the historian may undertake in an effort to employ social
science techniques.

The traditional role of the humanist is to look qualitatively at
what has been termed the "figure=ground relationships,” to see some pat=
tern stand out from the background which to the more rigorous mathemat=

ical mind may appear only chaos or a mass of detail.

Having examined the divisions within histor
u
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for thé analyst in his use of the case study method. One o6f the major
differences between social science and historical methodologiés lies in
the use of advance categorizations or hypothésés, The ¢lassical histor=
ical view is that questions should come from the material; they ought not
be brought to the material in advance. Theé historian conténds that con-
ceptuwalizing or structuring the project in advanceé leéads to subjectivity,
Some schools of socéial sciencé are sure that the exact opposite is true,

To the néutral it would appear that subjeetivée bias is all but unaveid=
able either way, although its way of making its influence felt will differ.

It is hard to work by a theory in history, except for vast sweeps
of time, in the fashion of a Toynbee, The pure "unique event' approach
has been gradually discarded by historians, and the value of generaliza-
tion, to a greater or lesser degree, recognized fairly widely.

However, thesé generalizations aré usually not intended to become
an elaborate theory in the way social science has created its own theories.
The prior provision of a theory tends to put thé historian inteée a straight
jacket,

Nevertheless, attempts in recent years to apply social séience meth=
odological techniques to histery have undoubtedly helped to expand the
historian's outlook and to stimiulate his imagination. Theésé teéhniques
and approachés can suggest new ideéas and new areas of inquiry. This is,
after all, really the principal function of so=¢alled théory in history.
By building imaginary systems and deducing how they might behave, the
theo?¥ists can suggest new possibilitiés to the historian in his analysis
of why things happened as they did. What the historian must always keep
in mind, nevertheless, is that it is difficult to relate fact and theory
when theé issues being studied were of great moment and were emotionally
charged.

Historians almost always state post facto hypotheses because this
is the way empirical theory has to develop. What the historian does not
and cannet do, which the natural scientist insists upon doing and the
social scientist aspires to do is to try the same hypothesis on a new
set of situations to see if these will operate the same way. The histo-
rian cannot test; he cannot “prove" anything he may suggest in the way
of a generalization. He may be able to "predict” the presence of certain
elements in future situations on the basis of generalizations derived from
the study of regularities, but he cannot predict outcomes for the simple
reason that he lacks a controlled environment. His contribution to the
systems analyst in his attack on a unique current problem is to give the
analyst the benefit of past experience. It is as simple a thought as

that. The results of case studies can provide the systems analyst with
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an eminencé, based upon insights from decumulated expérience, from which

pected vistas,



V THE ANALYST IN LINGUISTIC ANALYSIS
by €. J. Erickson and K. H. Schaeffer

Editor's Note: 1In Chaptér Ii on science and systems
ahalysis, four major areas werée descéribed in whiéh a
general methodology for systems analysis differs from
a méthodelogy for seéience. Then, in Chapter 111 an

the matrix=network approach, a systematic but informal
approach té6 systems analysis was presentéed, the infor=
mality arising primarily from the repeated insistence
oh the use of the analyst's judgment as a deéision=
making eriterisn. Ih the préesent chapter, Ericksen

and I investigaté the use of judgment in an empirieal
sciénce whiéh is making every attempt at rigor. Within
this scienceé==the phonodlogicdl aspeéts of linguistics==
we attéempt to déscéribé the conditions iindér which the
scientist's position in linguisticés is as céntral as
the analyst's pésition in thé matrix-network appreach
and the conditions under which the 1linguist's position
is less central. As will be seen, thé former occurs

in phonémiés, and the latter in phoneties.

Whenever within the matrix-network approach a rulée cannot be formu=
lated or one cannot describé how a given step might bé aceomplished, the

be formulated with sufficient precision to permit a formal answer and
for which the steps leading to their solution cannot be expressed in
terms of a rule.

In evaluating the logical adequacy of the matrix-network approach,

it is necessary to ask whether this ploy is unique to this approach,

thus presenting a unique weakness, or whether it has its parallel in

other systematic structuring approaches, and is only more explicit in
the matrix-network approach than in other approaches.

To obtain a partial answer to this question, we have investigated
the position of the analyst in linguistics, which is a science but has
methods resembling those of systems analysis.*

contradiction between Trager's and Bonfante's articles in The
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Linguistieés is what the linguist does. And the linguist, according
to Bloch and Trageér, is:

". . .asclentist whose subject-matter is language, and his
task is to analyze and classify the facts of speech, as he
hears them uttered by native speakers or as he finds them
recorded in writing , ., , he is leéss directly conéerned with
meanings than with the structure and relation of the lin-=
guistic symbols themselves; but the nature o6f his subject=
matter obliges him to pay attention to meéanings alsoé. When
hé has deseribed the faets of speech in suech a way as to
acéount for all the uttérances used by the members of a
gocial group, his description is what we céall the system
or the grammar of the language.'™**

Linguistieés this includes both the selection and the classification
6f the facts of speech. It involves the structurée and relation of 1lin-
guistic symbols, and finally evolves into a "system'*** or grammar of
the language. All thesé stéeps have their countérparts in systems analy=
sig, where we select elements, classify them, determineé their relations,
and finally deseéribe the system being analyzed through mathematical mod=
els and a network structure,

The similarity between linguisties and systems analysis does not
end here, however, Both subjects have a major problem with which to
contend: nameély, the use of contextual criteria in the selection of
their basic components, which in the case of systems analysis are the
eélements, and in the case of linguistics,the facts of speech. In the
matrix-network approach, element selection is determined by the purpose
or problem for which the system is being analyzed, and thus the criterion
for elemént selection is not an intrinsic aspect of the element being
selected., Examination of an element in isolation does not aid in deter-
mining whether or not the element is to be selected for the analysis,

Encyclopedia Britannica, 1956 edition, Vol. 14, pp.162A-163 and
Vol 20, pp.313D=313H). In this paper, however, we shal
only what Trager calls "American anthropological linguistics” and
what Bonfante calls "Bloomfield's mechanistic theory."

** Bernard Bloch and George L. Trager, Outline of Linguistic Analysis,
a special publication of the Linguistic Society of America, The
Waverley Press Inc., Baltimore, 1942, p. 8.

*** Bloch and Trager's use of the word "system"” differs from our use of
the term. They define it as "an orderly description of observable

features of behavior” (p.5). Their use of the term "system,” there-
fore, is analogous to our use of the terms "model” and '"structure."

1 consider
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nor c¢an this seélection bée imade on the basis of an éxamination of a group
of elemenits, The purpose 6f the analysis has to be considered before

thé élement sélection can be made. In linguisties a similar situation
exists. The determination of whether or not a particular fact of speech
is distinctive, i.e.; significant in the languagé under investigation,

or non=distinctive, i.,e.,, peculiar to thée speaker, is something that can-
not be made on the basis of the speech sound aloné; but requires consid=
eration of the meaning té be conveyed by the sound., Thus, the selection
of a fact of speéch, like the selection of an element, requirées the in=
troduction of contéextual c¢riteria, and in the matrix-network approach

this introduction entails the use of the knowledgeable analyst's judgment.

As a sciénce, linguistics has as its purpose the establishment and
verification of general concepts regarding the empirical phenomena of
spoken language by means of the scientific method. While the scientific
method differs from the meéthod of systems analysis most dramaticéally in
endeavors is found in their relative emphasis on verification. As dis=
cussed in the preceding chapter on "Science and Systems Analysis," veri-
fication is eéntral to the scientifi¢ method, while it is only of periph=
eral importance in systems analysis., This lack of emphasis on verifica-
tion lends itself to employing the knowledgeable analyst's judgment as
an intégral part o6f the matrix=network approach, since it is certainly
true that if we do not insist that our concepts aré verifiable, we like=
wisé do not have to insist that they are éstablished according to rigor=-
ous rules. However, is thée contrary true? Is it necessary that if our
concepts are to be verifiable, they must be established through rigorous
rules? If we affirm this statement, then theré is no room for the judgs
ment of the knowledgéable analyst in the systematic structuring approach
of a science. 1If, however, thé knowledgeable analyst's judgment is a
necessary element of the systematic structuring approach of a science,
then it is not necessary that the concepts in this science be established
through rigorous rules, In turn, if the linguist's judgment is an inte-
gral part of the methods of linguistics, then the introduction of the
analyst's judgment into the matrix-network approach does not make this
approach necessarily any less rigorous than the approach of a science
such as linguisties.

judgment is an integral part of the methods of linguistics, and to what
extent this judgment determines fact selection and verification in lin-
guistics, by examining the methods used in linguistics for determining

and classifying the sounds of language.

In this chapter we will attempt to determine whether the linguist's
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While the analysis of the sounds of language (phonology) is a part
6f linguistics, it is not all of it==linguistics also includes at a min-
imum, the ahalysis of grammatical forms (morphology) and the analysis of
the referénces of these forms (sémantics). Phonology is, however, the
first step in déscriptive linguistics and thus it is, at least theoret=
ieally, independéent 6f morphology and semantiés, Furthermore, phonology
has beén regarded as the most rigorous subdivision of linguisties, and
theréforée in it the analyst's judgment should oceupy the least ééntral
position.

Phonology traditionally ineludés theé study of the articulation of
speech sounds, a subject which is primarily physical and physiological
in nature, and which is omitted here; thée classification and descéription
6f speech soinds (phonetics); and the functioning of speech sounds in
language struéture (phonémics).

The starting point for any linguistic¢ analysis is a phonetié tran=
seription and analysis of the language as it is spoken.

"A phonetic transcéription aims to reeord as accurately as
possible all features of an utterance or a set of utterances
which the writer can hear and identify in the stréeam of speech.
Thé more highly trained the writéf is, the more ¢losely his
transeription approximates a complete record of the gross
phonétic facts; but it cannever be perfect,'™

While a tape recorder may now be used for the initial recording, sooner
or later the transcription must be réduced to symbols on paper so that
the sounds can be classified and arranged in some order. What criteria
are to be employed for making this classification and ordering? The man=
ner in which the sound is produced by the speaker? The characteristics
of the vibrations set up in the listener's ear? The vibrations of the
air molecules in the intervening air space? Linguists have chosen the
physiological features of sound production by the speaker as the crite-
rion for classification. This criterion allows a sorting of sound fea-=
tures on the basis of the interplay of the vocal cords, pharynx, uvula,

glottis, tongue, soft palate, hard palate, teeth, and lips in the produc-

tion of a sound. A great many more sounds can be produced by the inter-
action of these variables than can be recorded by the standard English
26-letter alphabet, Consequently, phoneticians have constructed a num-
ber of so-called phonetic alphabets for use in recording sounds on the

basis of the means of their production. The various letters in these

* Bloch and Trager, p. 36.




alphabets corréspond to the positions and interactions of thé speech
organs. Perhaps thé most commonly uséd phoéntic alphabet is the Inter-
national Phonétie Alphabét, although it is only oné of several, It
should bée noted,; however, that none of thesé alphabets is sufficient
for the task, and the linguist or phénetician often finds it necessary
to develop a new symbol to represent a technique for sounding which is
peculiar to the language 6r dialeét which he is studying. He is céon=
strained, however, to define this neéw symbol in terms of the technique
éemployed in producing the sound.,

Using the ériterion of sound production, Bloch and Trager préeseént
a classification of vowel sounds® and a symbology for these sounds on
the basis of three eriteéria: the part of the tongué whicéh acts as the
articulator (front,; central, back),; the height to which the tongue is
raised (high; lewer=high; higher-mid, mean-mid, lower-mid, higher=1ow,
low), and the position of the 1ips (rounded, unrounded).**

This classification yields 42 standard vowel sounds, each of which
is indicated by a symboel. If nécessary, still finer distinctions ¢an
be introduced into the phonetie alphabet through the use of subseripts
and superscripts, However, in its basic form of 42 standard vowel sounds,
this classification already represents moré vowels than havé ever beeén
observed in any one language. Since the ¢lassification 15 baséd on pos=
$ible tongue movements and tongue and 1ip positions, rather than of obs
served sounds, the classification has predictive value. At the timeé this
¢lassification was proposed, the standard vowel sounds in the higher-low=
front=rounded position and in the low<front=rounded position had neéver
present in a Mongolian dialect, and “it was perfectly easy to identify
the sounds when they were heard, "***

* "A vowel is a sound for whose production the oral passage is unob-
structed, so that the air current can flow from the lungs to the
lips and beyond without being stopped, without having to squeeze

through a narrow constriction, without being deflected from the

median line of its channel, and without causing any of the supra-
glottal organs to vibrate; it is typicallv, but not necessarily
voiced, A congonant, conversely, is a sound for whose production

the air current is completely stopped by an occlusion of the larynx
or the oral passage, or is forced to squeeze through a narrow con-
striction, or is deflected from the median line of its channel
through a lateral opening, or causes one of the supraglottal organs
to vibrate," (See Bloch and Trager, p. 18).

** Bloch and Trager, pp. 19-22.

*** Trager, Encyclopedia Britannica, (1956) Vol. 14,pp. 162ff.
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Consonants are classified similarly according to production by the
intersection of such factors as stops, spirants, nasals, laterals, and
trills with such factors as the labial, apical, frontal, dorsal, and
glottal organs. The latter seét of factors can be further subdivided,
leading to a total of 65 standard consonant sounds. Other features of
sound which can be classified aré stress, pitéh; quantity, and such voice
qualities as nasal twang and whisper., Unfortunately, there is not as
much agreement on the classification of these features as on thé classi=
fication of vowels and consonants.

While phonetics ¢lassifies sounds anatomically, phonéticians iden=
tify sounds aécoustically in the transeription of speech. The practieal

reasons for using different criteria in classifying and identifying
sounds are quite obvious. Phoneties, beéeing a séience, strives for an
objective and verifiable method of classifying sounds., The differemt
anatomical conditions requiréd for producing varying sounds are, at léast
theoretically, objectively verifiable, and are therefore conditions which
¢ah be used for a sceéientific classification of sounds. This argument is
based on thé assumption that distinétively different anatomical conditions
produceé distinctively different sounhds, and conversely, that distinctively
different sounds are produced by distinctively different anatomical con=
ditions. Within the scope of the present discussion we shall assumé that
this assumption has béen empirically confirmed. Thus in the ideal, the
ditions==that is, unaffected speech-<involves identifying the sounds by
the anatomical conditions which produce them. The most direet way of
doing this, of course, is to measure the anatomical conditions present
when sounds are produced and laboratory devices have beén developed to

do just this.* However, these devices are apparently too cumbersome for
use in field work and for the transcription of speech produced in a nat-
ural manner. For this reason, phoneticians identify speech sounds pri-
marily by their impressions of the sound of an utterancé, This non-

that there are discrepancies between the transcriptions (i.e., the inter=
pretations) of any two phoneticians, no matter how well trained.**

While in practice the analyst's judgment is a necessary part of
phonetics, in theory the introduction of this judgment into the process

* Leonard Bloomfield, Language, Henry Holt & Co., Inc., New York,
1933, pp. 75-76, S
** Bloch and Trager, p. 36,
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cessity, In phoneties the analyst's judgment is introduced; not because
the linguist is unable to state the logical rules by which sounds are
élassified and identified, but becauise he lacks sifficient means for in=
strumentation and measurement 6f sound=producihg anatomical ¢onditions.

The function 6f the analyst in phoneticés is thus fundamentally dif=
ferent from 'the ploy of the knowledgeable analyst" in systems analysis.
In phonetics the analyst performs functions which can be operationally
defined with such rigor that if instruments were available the functions
could be instrumented, while in systems analysis he performs functions
for which rigorous riules éannot be established. Thus, while the analyst
occupies a logically necessary position in systems analysis, the sameé is
not the ¢asé in phonetics.

Phonetic analysis classifies speech sounds by the anhatomical condi=
tions which produce them. However, as noted above, not all of these
sound classes occur in every language. Thé phonetic transcription of a
language,; thén, will include only those sound ¢lasses which oceur in the
language transcribed, or the objectively different sounds.

To discover the significant sounds of a languagé phonetic analysis
must be suppleménted by phonémic analysis. The objective of phonemic

analysis is to classify objectively different sounds, phones, into groups
of sounds which are "significantly" different-=phonemes. Sounds within
Moo .

a language can be regarded as "significantly” different if the hearer
must distinguish between them in order to undeérstand the meaning of the

utterance.

Lounsbury describes the principles and téchniques of phonemics as
follows:

"The principle of phonemics is simple. To be significantly
different, two sounds must occur in at least some of the
same phonetic environments (else there would not even be
the opportunity for contrast), and in these environments
the choice between them must depend upon meanings rather
than be random (else there still would be no contrast).

"Conversely, two sounds which either (a) do not occur in any
of the same phonetic environments, or (b) although occurring
in some of the same environments, never relate to different
meanings are not significantly different. JIn the first case
the sounds are said to be in 'complementary distribution.'

In the latter they are in 'free variation.' Either of these,
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or ainy combination of them, is ealled 'noncontrastivée distri-
bution,' In such casés thé choice between sound types is
éither undetermined or determined by differences in environ=
ment, but nét by differences in meaning.

"To be in noncontrastive distribution is a necegsary condition
for membership of two sounds in the same phoneme, but it is
genérally not regarded as a sufficient condition. (The sounds
(y) and (h) are in complementary distributien ih English.) 1In
addition, some unifying feature is necessary. This may c¢oh=

s$ist 6f one or morée phonetic components (articulatory of acous-

tie) present in all the menbers of the given phoneme and dis=
tinguishing them from all non-members.

"The technique of phonemics is simply one of applying the above
principles. The first prerequisite is careful obsérvation of
the phonetic facéts. A reliable phonemicization cannot be made
from inaccurate phonetie data. Given the data, the seceond

prerequisite is a careful ordering of those data s6 as to bring

out the facts of distribution of the sound types. One has to
discover in what phonetic¢ environments each of the Sound types
does and may océur in the language under study. Given the
facts of distribution, the rest of thé process of phonemicizas=
tion consists in grouping the sound types, according to the
phonemi¢ principle, into contrasting classes; such that each
class comprises non=contrasting sound typés sharing a distinc¢=
tive common feature.'*

Although the principle of contrastive distribution seéms to be
quate as a technique for determining significant differences, there

ade=
is

variability in this aspect of linguistics, since the number of phonemes

may vary according to the linguist and his purposes. Thus Voegelin
states:

"Some people ask, 'How many English phonemes are there?' One
of the great difficulties I have in talking to graduate stu-
dents is to try to convince them that the object is not to
find the exact number of phonemes of a given language, as
though God had doled out just so many phonemes for each lan-=
guage. The object is to work in various ways and phonemicize;

* Floyd G. Lounsbury, "Field Methods and Techniques in Linguistics,"”
Anthropology Today, ed. A. L. Kroeber, University of Chicago Press,

Chicago, 1953, pp. 404-405.
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depending on how one phonemicizes, one may count more or les:
phonemes for a given language.'*

mr

While there may not be an exact numbér of phonemes in the English
language, linguists using these general techniques usually arrive at a
total somewhere rear forty. Thus Bloomfield usés 41 phonemes to tran=
scribe "the pronounciation of standard English that prevails in
Chicago,"*™ and Bloch and Trager use 45 phonemes to describe "a gener=
alized version of (the dialect of English) spoken by eéducated persons
in the central Atlantie states, from Maryland through eastern Pennsyl=
vania to New Jersey. ' **

parent. First, phonemes are the contrastlng sounds of a 1anguage which,
if properly related to oné anothér, aré the transmitters of meaning.
Seecond; a phonemé is not an intrinsié¢ aspect of a group of sounds so
designated but is rather a construet for the purpose of the analysis,
since the examination of a group of sounds in isélationh will néver re=
veal whether or not the group can be classified as a phoneme.

Within the presant discussion, then, the central questioﬁ is Whéthef
a language, or whether the position‘of the analyst in phonémiés is anal-
ogous to his position in phonetiecs. The latter will be the case if one
can, at least theoretically, formulateé rigérous rulés fof the selection
of the phonemés; the former will be the casée if such rules c¢ahnot be
formulated.

are grouped into a set of classes. The purpose of this grouping is to
have each class represent a contrasting sound (phoneme) of the language.

In the phonemi¢ analysis of a language, thé sounds of a language

* Voegelin, dur1ng the discussion period in a symposium on "Pattern
in The transcription of the

sympo. sium 1s P blished"ih An Appraisal of Anthropology Today, ed.
Sol Tax, Loren Eisley, Irving House and Carl Voegelin University
of Chicago Press, Chicago, 1952, pp. 299=-321.
** Bloomfield, p. 91.
*** Bloch and Trager, p. 47.
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If we pay no attéention to this purpose, the number o6f ways (Ts) into
which the sounds (s) of a language éan be grouped c¢ah beée calculated from
the reecursion formula.*

s

T _ 8zl (éal) 'Tk, whére
A VvV kI
i -O i

(s=1 is the binomial coefficient (s=1)!
Cx =2l

For as few distinguishable sounds as 20, this formula yields a value of
T20= 4.75x1014, and it appears that for each additional sound the number
of ways into which the sounds can bé grouped increases by a factor of
about 10.

However, as noted above, phoneticians still have difficulty in clas-
sifying stress, pitch, quantity, and such qualities as nasal twang and
whisper. Because of thése uncertainties, the T must bée considered indef=
inite if not infinite in numbér, unless one insists that the objectively
distinguishableée sounds (s) of a language have been perfectly defihed.

The rulées for seélecting the phonemes must thus allow for selection
of the one set or sets among all possible sets, which best or adequately
describe the significant sounds of the language. These rules, therefore,
require criteria for "best,” for "adequate,” and for "significant," and
must contain a procedure by which one can establish and examine each and
every possible set. The ease with which criteria for "best,” "adequate,'
and "significant," can be developed is dependent on the complexity of
the purpose of the analysis. If the purpose can be clearly==that is,
unambigously-=defined, it is probably pessible to state all the criteria
involved in the concepts 'best,” "adequate,” and "significant.” However,
the purpose of a phonemic analysis is usually not that well defined., For
instance, does it attempt to discover the significant sounds in the pho-
netic transcription of simple phrases with unequivocal meaning, or of
complex sentences with abstract meanings and with double meanings? To
establish measures of "significant" for the former is certainly consid-
erably easier than for the latter. Inflections are probably of little

* This formula was derived for us by F. W. Doesch and D. A. D'Esopo of
Stanford Research Institute.
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significance in the formér while they may be of significant difference
in the lattér., Doés phonémic analysis attempt to discover the signifi-
cant sounds in thé phonetic transcriptions being analyzed, or does it
attempt to find theé significant sounds in these transcriptions so6 that
the results can beé geénéralized to other samples of the language commu=
nity? To establish measures of '"adequate" is easier for the former than
the latter, since the concept of "speech community' is not free from am=-
biguity. For instance, when is an utterance an uttéerancé of a given
speech community, and when i§ it an utterance of a neighboring group or
the private utterancé of a sub=group within the speéch community? In
both cases, if thé purposé of phonemié analysis is the simpler rather
than the more complex one, the results of the analysis will yield few or
to6 whieh a scientist should devete himself. If the purpose is thé more
complex one, complete definitions of "best," "adequate," and "signifi=
cant' cannot be formulated. However, the fact that complete definitions
cannot be formulated does not imply that no definitions can be formulated.
We have partial definitions for "adequate" and "significant” or we could
never prefér one grouping over another grouping. On the other hand, if
complete definitions could be formulated, there should be an answer to
the question, "How many English phonemes are there?"

Because of these definitional difficulties it is impossible to de=
velop a rigorous procedurée for examining éach and every possible set of
sound groups. If the nuiber 6f these seéts were a known, finite number
a procedure could be developed. Since the number is eithér indefinite

from examining all the preéceding séts. Since these "results” involve
the definitional difficulties indicated above, ¢ompléte rules cannot be
developed for proceding from the examination of one set to the selection
of the next set, and the partial rules that can be formulated must be
supplemented by the analyst's judgment.

The positien of the analyst in phonemic description is therefore
not analogous to the position of his colleague in phonetic transcription.
It is analogous, however, to the position of the analyst in the matrix-
network approach to systems analysis.



VI DECISION-MAKING BY THE KNOWLEDGEABLE ANALYST
by Mauriceé Rappaport

surroundlng the conéépt of the knowledgeable ana=
lyst. We are now tufhing to thé psychological
aspects surrounding this codncept. In the présent
chapter, Rappaport discusses the psychoelogical
milieu in whiéh the khowledgéable analyst opérates.
After identifying the steps involved in the making
of & deéision, he addresses himself specifically
t6 the psyéhological factors invelved in findihg
and selecting a problem, structuring the problem
informally and formally, and purposive problem=
solving. While Rdppaport does not arrive at a
definitive explanation of these psychological fae-
tors, he shows clea¥ly the difficulties invelved
in arriving at such an explanatioen.

An undérstanding of the decision-making process by a Systeiis analyst
with sound judgment--the knowledgeable analyst--must come from an examin=
ation of the psychological milieu in which hé operates.

Preceding and during the development of any complex system, many
decisions must be made. Some of these can be baséd upon logic, deduction,
and precise information, while others have to be based upon intuition and
information that is not precise.

No matter what the basis of these decisigns, there is a fundamental

total system. In many ingtgnges where there is neither formulg nor £act
to provide guidance, a knowledgeable systems analyst must enter the pic-
ture and make decisions about which parts are important by themselves or

by virtue of their interaction with other elements of the system.
With increased understanding of the forces that come into play when
a systems analyst makes decisions that affect the configuration of a com-
plex system, it should be possible to design better systems more effi-
ciently. The aim of this chapter, then, is to focus attention upon
certain psychological processes associated with decision-making. This
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is being done to improve understanding of these processes s6 that we will

be in a favorable position to consider méans whéreby improvements in
decision-<making activitiés cah be accomplished.

Déc¢ision=-making as used here refers to the selection, from among
many courses of ac¢tion, 6f the one or several courses that offer thée best
solution to a problen. Somé problems exist in a highly unstructured con-
text where there i§ a reélatively large numbér of éourses of action that
cani bée c¢hosen, while other problems exist in a highly structured context
whére theré is a relatively small number of courses of action that eéan
be chosén. Most of what will be said applies to both of these situations;
emphasis; howeveéer, will bé placed on psyehological processes underlying
decision=making in highly unstructured contexts.

A systems analyst approaches a predesignatéd probléem with an unceér=
tain idea of the extent and depth of the subject matter with whiéh he
must deal. For example, all hée may know at the beginning are theé per=
formance requirements that the system to be developed must meet. At
first, he will attempt come conceptual représentation of the system which
will lead to decisiomns about siich things as thé c¢onfiguration of the sys=
tem and the funétions that should be allocated to men and equipment.
Ideally, his conceptual representation of the §ystéem should also éenable
him to seé critical interactions améeng the various components of the sys=
tem (machine=machine, man-man, and man-machine), as well as to avoid pit=
falls which would predispose thé systém to fail.

To help accomplish these and related goals the systems analyst must
definée as clearly as he can the concepts and terms which he will employ
and the rules by which he will carry out his analytiecal operations. If
he can do this effectively he is in a favorable position for deciding
which alternative course or courses of action should be pursued.

It is at this point that the psychological processes of the analyst
are in ferment and become of interest. The ingredients of this ferment,
in quality and quantity, depend directly upon the training, experience,
and knowledge of the analyst. The outcome of this ferment depends upon
the motivation, the perception, and the various skills of the analyst.
The outcome also depends upon the environment and the conditions under
which the analyst must werk. More will be said about these factors after

we consider certain fundamental steps in the decision-making process.

Making a decision involves at least the following steps: (1) find-
ing and selecting a problem through the unique processing of information
by the individual, (2) structuring the problem initially through the
unique organization of the information that has been processed, (3) teleo=
logical or inductive restructuring of the problem to provide direction
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for problem=solving activities, (4) structu¥ing of the problem s6 that
an acceptable method of analysis can be applied to establish whethetr or
not one or more anticipated solutions canh beé accepted or rejected, and
(5) structuring néw problems by using a selective organization of infor=
mation derived from Step Four.

Steps Four and Five will not be discusséd here, Step Four is con=
cerned primarily with the detailed structuring of investigatien, viz.,
the designing of experiments, and this has beéeen handléed many times by
others.® Step Five is part of the feedback, iterative process that char=
acterizes most test, experimental, and research procedures, and it also
has beén adequately discusséed. Steps One; Two, and Three are taken up
in the following paragraphs.

1. Finding and Selecting a Problem

A problem may arise in several ways. It may be assigned to the
analyst or it may be actively sought by him. No matter how it o6ccurs,
it cannot arise out of a vacuum.

Motivation is of primary importance. Without this driving and ener=
gizing force, problems would bée néither sought nor selved, The source
of motivation may be something either external or internal to the analyst,
Neither source of motivation is completely indépendent of the other, but
it is convenient in this discussion to treat them as two "types"” of moti=
vation. An external motivation source may simply be thé requirement to
design, develop, and construct a system that can méet certain specifica-
tions. Internal metivation involves the development of a self-generated
challenge, For example, it may involve re=asking questions about one's
ability to handle successfully a large number of details, their integra-
tion, and their organization. It also may include re-asking questions
about one's ability to seek out and understand essential and relevant
information without which it would be difficult or impossible to build
a specific system. The individual, in other words, is motivated to main-
tain his status as a problem-solver and decision-maker and also his image

as an intelligent and sophisticated professional. As a result he must
begin by making an attack on the problem of finding a relevant problem

which he can handle in a satisfactory way. In other words, he must spec=
ify a problem he can solve.

*
w

ee for example, A. Chapanis, Research Techniques in Human Engineer-
ing. John Hopkins Press, Baltimore, Md. 1959,
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mental posture with which to examine and evaluate continually otheér
important and relevant problems. Thus, what is needed for effective
systems analysis is some way of overcoming or reducing normal psycho=
logical inertia and conceéptual confinement so that meaningful probléms
c¢an be sélected, There aré several ways in which this may be accom=
plished.

One way is to use competition, This competition may bé intraper=
sonal or interpersonal., In the intrapersonal competitive situation;
the analyst must select twoe or more problem areas that arée approximatéely
eqiial in importancé and he must produce two or more paths by way of
whiech éach problem miay be solved., The solutions selected should be ap-
proximately equal in efficieney and practicability. In the interper=
sonal situation twoe or more individuals may each be askéd to seléect an
important problem aréea and then to provide efficient and practical solu=
tions to each problem. In either case, obtaining two of more possible
solutions for each problem would provide an analytieal situation fof
of alternatives involved than upon personal predilection.

This approach to problem identification and problem S6lution has
all the advantages and disadvantages of any rédundant operation. It
leads, for example, to increased flexibility and reliability in system
planning, development, and construction, but, of course, with penalties
likely in cost and time. Nevertheéless, suc¢h tradé=o6ffs may be éssential

Another way of enhancing decision-making capabilities is to provide
for the pooling of experience. A systems analyst makes better decisions
if he draws upon experience which extends beyond what he has acquired
via the limited situations to which he has béen exposed. Interaction
with other specialists has the advantage of increasing the quality of
decision-making, This comes about, in part, through social mechanisms
which cause the decision-maker to seek confirmation and approval of his
peers in related areas of specialization, thereby obtaining some feed-
back on the correctness, or at least the acceptability, of his decisions.
This approach, however, can be overworked, An analyst who always molds
his decisions according to group pressures is a bad risk decision-maker.

Another bad risk decision-maker is the analyst who seldom or never
sees his decisions result in a successful outcome. The implication of
all this is that a good systems analyst must be a certain type of person
with special psychological attributes and background experience. He
must have a fair amount of success in decision-making, but his outlook

should have been tempered by sufficient numbers of unsuccessful system

79



analytic efforts so that he demonstrates a cautious and sophisticated
approach to complex decision=-making problems. He should be predisposed
accept all that is proffered. Im a word, hé should display independent
judgment but yeét be able to assimilate and selectively integrate inté
his planning diverse, spec¢ializZed information,

Yet even these characteristics are not sufficient to satisfy the
requirement that a Systems analyst isolate relevant problems. In order
to work effectively in ecomplex situatiens, the analyst must be guided
by principles that allow him to deal with numerous spécific¢ interrelated
problems. It is undoubtedly true that at this time no adeéquaté body of
principles or generaliZations exist for thé systems analyst. Thus he
mugt resort to and develop appropriate models. However, while medels
incorporaté reason aind may be consistent; this is no guarantée that they
are either effective or practieal., To be truly effective and practical
they must, when they apply to real world systems, have real world valide
ity. This means that any systems analyst must be prepared to back up
his modél with appropriate techniques of experimentation, measuremént,
and the utilization of symbolic logic, in one form 6r another. If he
is uhable to6 do this hé will bé deficient, for thére will be no dévice
for self-correction. The analyst could only perpetuate iintrue or incom=
pletely .triue notions that he arrived at in the past. Many of these may
bé blind alleys of logic and thinking, To employ these without the safe=
guards of expériméntal or émpirical checks obviously would be a disserv-
ice to the system on whicéh he was working. It would also be a disservice
to the analyst since he would fail to increase his fund of pertinent
knowledge and thus the $kill that he brings to sucecessive problems.

These factors have obvious implications for the first step of the
decision-making process: the finding and seléction of a problem, The
identification of this problem depends heavily upon what the systems ana-
lyst brings to the situation=--his attitudes, his background, his models,
and his view of the world, as well as his understanding of the external
demands being placed upon him. Once these factors have been used to
find and to filter information coming from the predesignated problem area
into some meaningful form for the analyst, he is ready for the next step.

2. Initial Structuring of a Problem

It is evident that a problem must be structured in some way before

learning, perception, and motivation--which comprise part of the higher
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process ¢alled thinking. Much that is pértinent in the thinking process
depends upon thé individual analyst developing a skill in handling var=
ious concepts symbolically., It has been demonstrated that there is a
gradation in the acquisition of this skill. For example, Kendler and
Kendler™ have shown that there is a gradation in concept manipulation
and problem=solving skills from infrahuman levels to the early levels
of growth and development. They show this by usinhg reversal and non=
reversal shifts in a simple concept learning task, In this task cehil=
dren wére presented with stimuli that varied in two dimensions==5ize
and brightness. The subjects were rewarded for responding to the size
dimension (responding to a large cup was considered & positive response;
responding to a small eup was considered a negative response). The
brightness dimension was made irrelevant, "After learning the first
diserimination, the subject [was] foreced to shift to another response.
In a reversal shift the subject [was] required to respond to the same
dimension on which he was originally trained; but his overt choice had
t6 be reversed, e.g., hé had to shift from & large cup to a small one,
For a non-reversal shift the previously irrelevant dimension beéecame
relevant, e.g., black became positive after largée had beén positive.’
Rats find a non=reversal shift easier than a reversal shift. College
students are reported to execute a reversal shift moré rapidly than a
non=reversal shift. Slow childréen about four years of age were more
similay to rats in their performance. Fast four=year-olds responded

like college students. This transition in problém=$olving behavior ean
be explained rationally by assuming that an increase in skill in verbal
and conceptual manipulation has taken place. There is every reason to
believe that refinements of problem=solving sKills continue into adult
years, although specific and objective changes in these skills, their
detection, and the factors that influence these changes have yet to be
adequately explored. Once relevant factors associated with these changes

'+

tualization and decision=making skill of systems amalysts. In the mean-
time, however, since the development and maturation of a systems analyst
cannot be adequately delineated within the present state of knowledge,
understanding must be sought from another direction. It will be help-
ful to consider how individuals who function as systems analysts go about

giving an initial conceptual structure to a problem selected for analysis.

* H. Kendler & T. Kendler, "Vertical and Horizontal Processes in Prob-

lem Solving," Psychological Review, January 1962, Vol. 69, pp.1-16.
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Informal Approach

The systems analyst may use an informal or formal approach to
structuring a problem. If he uses an informal approach, he may turn the

intuition suggest "key" factors deserving detailed analysis. Obviously
in doing s$6; he must draw primarily upon his background, although to
maintain contact with reéality and prevailing accepted analytical ap=
proaches, he will seek to obtain feedback and approval from other con-

suggested by them.

In structuring a relatively unstructured problem, the Systéms ana~
lyst is placed in a highly uncertain situation, one in which he is forced
to use his creativeé ability and ingeénuity. If we are ever to be in a
position to énhancé the analyst's ability or ingenuity, we must have some
undérstanding of the nature of the processes underlying thesé activities.
Many different interprétations, howéver, have beén givén of thée e¢reative

A recent arti .e by Medniek* déscéribés the creative process by
leaning heavily o6n the théory of asSociation. He points to three ways
of structuring of achieving a creative solution. He states that .
any condition of state of the organism which will tend to bring the req=
uisite associative elements into ideational éoﬁtiguity will increase the
probability and speed of a greative solution.” The three ways of reach-
and mediation. Serendipity refers to the accidental contiguity of events,
For example, Mednick cites theé discoveries of X-rays and pénicillin. He
goeés on to describe how one physSicist has reduced serendipity to a method
by placing in a fishbowl a large number of slips of paper, each inscribed
with a physical fact. He then randomly draws pairs of facts looking for
new and useful combinations.

He feels similarity contributes to creativity in the areas of cre-
ative writing, rhyming, and rhythm of words, and also in "domains of cre-
ative effort which are less directly dependent upon the manipulation of

symbols" (viz., painting, sculpture, musical composition and peetry.)

ation, a "means of bringing. . . associative elements into contiguity
with each other," usually through symbols such as verbal, mathematical,

* 8. A, Mednick, "The Associative Basis of the Creative Process.” Psycho-
logical Review 1962, Vol. 69, pp, 220-232.
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or chemical symbols. He feels, apparently, that creativity is related
to the number 6f associations an individual has, particularly, the indi-=
vidual's ability to form associations between two or moré remote idea=
tional elements. The process by which an individual is able to link up
remote ideationdal elements is mediation. He gives the example 6f three
words, rat-blue=cottage; to which a subject must add a fourth word to
link them all together. Here, the word is cheese (rat=cheese, blue=
cheese, cottage=cheese).

lurk in the ability of an indlvidua; to come up with medlatlng rés pénéés
to bring together relativeiy rémote facts, idéas, or responSes One of
responseé repertoire that will provide the basic ingredients for ¢reativ=
ity. A systems analyst who doés not know the élements or response char=
acteristics of his system cannot conduct a systems analysis in a creative
way. Without this information he would, to say the least; be hard put

to develop a meaningful conceptual structural framework.

Interesting as Mednick's notions are; it should net be thought that
concepts of associationism are either new or go unchallenged. They go
back at least as far as Aristotle and have had frequent resurgence.

Thomas H@bbes,* for example, referred to the Principle of Contiguity.
Hume™* in 1739 spoke of resemblance, contiguity in time and place, and

cause and ffect. In 1829 James Mi1l™** spoke of one fundamental law of
contiguity. Associationism reached its height about mid=nineteenth ¢én=
tury Reaction to it came frOm the wurzburg group and Gestalt psycholo—

previously accepted task or mental set. Other 1ng1vudals later, l;ke
Hovland, considered associatiomnism by itself inadequate for explaining
thinking and felt that it has to be supplemented by other concepts such
as motivation. Gestalt psychologists, on the other hand, developed the
theory of the unitary system under stress and rejected the term associa-
tionism® on the grounds that it was to atomistic. We cannot completely

* T, Hobbes, Humane Nature, or the Fundamental Elements of P011c1e,
Chapter IV, reprinted from Rand, 1912. T
* D. Hume, A Treatise on Human Nature, 1739.
*+x J. Mill, Association of Ideas, Vol. I, 1869, pp. 56.
t+ For detailed discussion of associationism and reactions to it, see
G. Humphrey, Thinking: An Introductlon to Its Exper1menta1 Psychol—
251, John Wiley & Sons, New York, 1951. -

$ offka, Psychological Bulletin 1922, Vol. 19, pp. 531-85.
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review the history of associationism here, but it is interesting to note
that Mednick's article represents another swing of the theoretical peén=
dulum invelving thinking emphasizing the importancé of associationism
in this process.

Formal Approach

If the analyst usés a formal approach to structuring a problem for
subsequent detailed analyses, several choices are available to hinm,
These are mostly in the form of models. There are relatively simple
and preciseé templates such as mathematical models. Unfortunately, math=
ematical models cannot readily deal with complex systeéms. Even the most
complicated models are severely restricted by thé number of parameters
that they can adequately handle simultaneously. Thus, systems shoild be
represénted by mathematical modeéls only when simple abstractions of the
system suffice for analysis.

When sSystems are considered in toto, theéy cannot bé représented
conipletely by any model. If they could, the model and the systém would
bée equivaléent. Such equivalence is neither usually needed nor desirable,
yet therée is a néed frequently to représent a complex system fairly
c¢losely. In this case, rigorously related symbols are sparingly used.
This usually leads to good face-=value representations, bBut peor predie=
tive or manipulative precision, since there is little c¢ontrol over many
variables that intéract with each other and afféeét over-all system pér-
formance.

Despite this disadvantage of limited contrel, it is often desirable
for the systems analyst toe have a comprehensive overview of the system
he is analyzing. Such an overview provides a better understanding of
how various parts of thée system stand in rélation to each other, and this
understanding, in turn, minimizes the chanceé that an analyst will suggest
unwise changes in a single part of the system in which he may have spe=

a comprehensive overview of a system, there are difficulties in develop-
ing a method for achieving this.

Nevertheless, while it is undoubtedly desirable to be able to obtain

Since formal models are incomplete representations, their inade-
quacies must be overcome by human judgment. But human judgment is a neb-
ulous entity. Yet, if the usefulness of a particular method depends upon
the application of human judgment, then it is important to examine cer-

tain aspects of judgment to determine how well and with what reliability
it can be employed. And if judgment is not particularly reliable, it is

0
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important to determine if it still can be used to advantage in structur<
ing systéems and eonducting systems analysis using onée or moré of the
various qualitative or quasi-quantitative models that are available.

As an aid in examining this question wé take the matrix=network ap-
proach presented in Chapter III; and primarily Step Twoe of this approach==
the preliminary detérmination of the existeéncée of direct relations between
élement pairs. Here rigid logic and precise models must be put aside and
the psychological vagaries of human judgment must be brought into the pic-
ture by the systenis analyst.

Factors that contribute to thesé vagarieés and the méchanisms that

aré invelved in hiuman judgment are diseussed in a broader ceontext under
Purposive Problem=861ving,"” beléew. At this point, however, to illus=
trate somé of the human judgment problems involved in using a method for
conducting a systems analysis, the model refeéerred to above will be the
focus of interest.

Both Shapero* and Schaeffer** indicate that in their approach to the
analysis of compléex systems, the analyst should deal with direet relation=
ships. Operationally, a diréct relationship is definéd by Schaeffer as
follows: "Element A is said to be ih direct relation to element B if a
change in A affects a ¢hangé in B without n ssarily affecting any change
in any other element of the Systenm, unless such a change, in turn, is af-
fected by a change in B."

It is very well to employ an operational definition to say where A
affects or does not affect B. The problem is not in thé logic of the
definition but in the realistic implementation of the logic. A direct
relationship must be "seen" by the analyst. But what is involved when
the analyst "sees" a relationship? Can this relationship be "seen" ¢on-
sistently either by the Same analyst on two different occasions or by two
or more analysts on one occasion? In other words, what is the extent of

the reliability of the operation where pairs of elements that have a di=

rect relation with each other are identified?

e

** K, H. Schaeffer The Logic of an Approach to the Analys is of Complex

Systems, Air Force Tech, Report AFOSR 2136, April 1962,
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In éxamining the vagaries of psychological processes that may lead
to inconsistent performance from analyst to analyst, several questions
should be kept in mind. If we cannot adequately account for the vagaries
of psychological processes that contributé to unreliability in perform-
ance of system analysts, can a systems analysis approach calling for the
employment of such processeés still be useful? And if it can be shown
that it may be useful despite a certain amount of unreliability, is the
cost of this usefulness in terms of time, money, and effort tolerable?
Thése are qiestions we should keep in mind as various systems ahalysis
models are examined.

To help explore the problem, imagine that element A is a system com=
ponent. Ih one instance, let component A be a human operation such as
checking a line voltage. Imagine that B is another system component ,
8say an electronic operation which arms a warhead.

With A and B defined in this way, let us ask, "Does A directly af=
fect B?" and then proceed to examine problems that might eonfrent the
analyst as hé tries to determine this. Does the operation component A,
the checking of a particular line voltage, directly affect system compo-
nent B, the electronic¢ operation which arms a warhead? How can the ana=
lyst decide whether the answer i§ yes or no?

It is clear that the answer may be either yeés or no, depending upon
the point of view of the analyst and his predilections. If he wants to
structure the system in one way. If he wants to analyze the system ver-
tically-=at several levels-=he must structure the system another way.

Not only does the penchant for structuring a problem one way or the other
influence the answer but so does the uncertainty that exists in the in-
terpretation of a specified operation. This uncertainty remains as long
as rigid rules for identifying operations or applying a method of analy-
sis cannot be prescribed.

By way of illustrating certain aspects of this problem, let us pur-
sue the above example. Does the human operation of checking a line volt=
age have a "direct affect” on the electronic operation which arms a
warhead? The question quickly leads to a quibble, One analyst might say

the line voltage directly affects only the arming operation, not the

checking of the voltage. Another might point out that if the line volt-

age is off by a certain amount and it is not checked, then not carrying
out the checking operation would indeed directly affect the occurrence

or non-occurrence of the arming operation. Who would be right? Both
could be right. It is a matter of interpretation. Wherever equivocation
is possible, wherever uncertainty exists, consistency or reliability of
response will suffer.
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If it was elected to structure the analysis of the systéem horizen-=
tally, there would be further equivocation. Each analyst would have to
make interpretations about what eéonstituted components or operations at
the same lével, 1Is the checking of a line voltage an operation that is
at the same level as the c¢losing of a relay switeh, or the passage of a
currént through a single wire or multiple wires in a cable, or the ad-
justment of calibration controls? Oncée more there is room for quibbling
and unéertainty and theéréfore different responses from different analysts.

I1f it was elected to structure the analysis vertically, there would
be éven more reason for éqiiivecation. How, in this case, could one say

whether or not A directly afféects B? In a vertical analysis, it might
be argued that a line voltage could never affect an electronic arming
operation directly bécause a line voltage really refeérs to the organiza-
tion of electrons in $0lid matter in such a way that certain sub-
microscopic physical changes take place and that it is these physiecal
¢hanges that yield a potential difference that directly affects the arm-
ing operation and not the lifie voltage per sé. This is, of course, a
further quibble. But can one doubt that those interested in the whole
spectrum from thé macré to thé miero will sée direect relationships that

analysis?

It is easy to see, theréfore, that there are many ways of structur-
ing a situation initially, particularly within an approach which strives
t6 be comprehensive. It is well to have an overviéw, but it should be
kept in mind that any single method for achieving an overview of an en-
tire complex has its own variety of slant angles and perspectivés. There-
fore, we cannot really hope to achieve an optimum method of performing a
systems analysis. We can only hope to achieve some méthod that leads us

to adequate solutions to systems analysis problems. Aids to thinking

and problem-solving are what should be sought. Any aid to thinking should

allow recognition of gaps in our knowledge so that these gaps can be dealt
with and evaluated, or, at any rate, not be missed.

The methed of dealing with these gaps, however, cannot be prescribed.
Their filling in must depend, as was pointed out earlier, upon the moti
vations, perceptions, training, associations, and other historical acci-

dents that have gone to make up the individual analyst. The nature of

analysts because of the vast differences in their backgrounds a
their approach to problems. Probably we will rarely ever have the
edge to predict the extent of this unreliability, Consequently, we sel-
dom will have the opportunity a priori to judge precisely what the use-

fulness is of a model or method for conducting a systems analysis on
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complex systeims. The only recourse left open is to try out empirieally
somé of these models, provided they seem reasonable, and séé whether or
not they merit furthér investment of time, energy, and money. If they
help us structure a system in a useful way, they can be said to be serv=
ing us profitably, However, this is so only if the time and cost penal-
ties associated with the employment of these models do not become
excessive,

3. Purposive Problem-Solving

Perhaps the one underlying denominator common to all attempts at
structuring the world about us and which is worthy of special considera=
tion is the psychologiecal phénomenon of purpose. Note, for instance,
that in the matrix-network approach the purpose of the analysis deter=
mines thé identification, seleetion, and classification of the system
elements.

Scéience, geénerally speaking, shuns teleology. Yet teleological rea=
soning, when applied to the understanding of organismié behavier, partic=
ularly man's, has justification. Teleology, it will be recalled, is the
concept that a process is directed toward an énd or shaped by a purpose.
In many instances, man's teleological behavior is a result of his indue=
tive prowess, in other words, his ability to set up hypotheses. Man is
almost always hypothesizing. Yet hypothesizing doés not always reflect
scientific endeavor, although those inclined to scientific pursuits can
make good use of this natural predisposition. From a psychological point
of view, hypothesizing is frequently purposive behavioer which servés a
numbef of needs of the individual. It providés among other things ten-
tative goals toward whic¢h he may strive. Muech in the same way that the

human eye finds it difficult to move in a regular pattérn without some
outside stimulus to provide direction and guidance, so, too, the psyche
and the intellect find it difficult to move in some specific direction
without some outside and distant goal at which to aim. This distant goal
with all its uncertainty induces psychic and intellectual stability and
orientation. It reduces floundering, disorientation, and even anxiety.
It gives to the individual confrented with the task of finding solutions
to relatively unstructured problems a means to approach and study those
problems which is direct, efficient, and unwavering. It, of course, pro-
vides no guarantee that the approach selected is the right one or even
the most efficient one. But it does permit probes into problems which
help define their true nature. When these probes are combined with the
usual safeguards of the scientific method--particularly the feedback and

that purposive behavior with all its teleological implications is a most
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useful way for selving problems, In faet, without the inductive leaps
and far vision that characterizeé purposive behavior, it is likely that
man would be more apt than not to travérse statie circles of knowledge
or end up in cul-de-sacs during intellecétual eéxplorations. Purposive
thinking, therefore, providés the foundation stone for developing a
structure of conceptual representations for analyzing systems.

The point of view developed above 15, of course, not uniqué. Many
authors who have concerned themselves with problems of thinking and
problem=s6lving have expresseéd similar views. Polya* in his preface to
Volumeé I of Mathematies and Plausible Reasoning states that "all eur
knowledge outside mathematies and demonstrative logic . . . consists of

conjecture.” He goes on to say, . . .we sSupport our conjectures by plau-
Sible reasoning. A mathematical proof is demonstrative reasoning, but
the inductive evidence 6f the physicist, the circumstantial evidence of
the lawyer, the documentary evidence 6f the historian, and the statisg=
tical evidence of the economist belong to plausible reasoning. Demon=
strative reasoning is safe, beyond controversy, and final. Plausible
reasoning i1s hazardous, controversial, and provisioenal. Demonstrative
reasoning . . . is. . . incapable of yielding essentially new knowledge
about the world around us. Anything new that weé léarn about the world
involves plausible reasoning, which is the o6nly kind of reaséoning for
which we care in everyday affairs. Demonstrative réeasoning has rigid
standards, codified and clarifiéd by logie (formal or demonstrative
logic). . . .The standards of plausible reasoning are fluid, and there
is no theory of such reasoning that could be c¢ompared to demonstrative
logic in clarity or would command comparable consensus.” Polya points
out later that demonstrative reasoning and plausible reasoning do not
contradict each other. Rather, "on the contrary, they complement each
other. 1In strict reasoning the principal thing is to distinguish a guess
from a guess, a more reasonable guess from a less reasonable guess.'
Later he states, "observe that inductive reasoning is a particular case
of plausible reasoning."

_ .
Bartlett, also supports the notion that there is utility in teleo-
logical reasoning. He states in his book Thinking that "it is more com=

terminal point to be reached through the steps." He restates this point

Induction

* G. Polya, Mathematics and Plausible Reasoning, Vol I:
Press, Princeton,

and Analogy in Mathematics. Princeton University Pres
New Jersey, 1954.
** F. Bartlett, Thinking: An Experimental and Social Study. Basic

Books, Inc., New York, 1958, p. 23.
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more clearly Jater on when hée says we often ''make a direé¢t leap from the
évidenée given t6 an acécepted terminal point, and the missing stéeps are
then constructed on the basis of theé already accepted issue."

A formidable question arises once the value of purposive behavior
in problem-solving situations is seen. Where do the initial insights=-
the inductive leaps==come from, and upon what do they depend?

Usually insights that make purposive behavior possible are accepted
axiomatically. Frequently, solutions to problems are "seen' before they
are proved., Einstéin conéeived his special and geneéral théories of rela=
tivity before there was proof of them. Se, too, the systéms analyst un=

doubtedly conceives of useful ways of analyzihg or conceptually represént=
ing systems before thére is any direct evidence of the utility of these
schemes. To understand the processes underlying insightful problem=
solving behavior and thinking in general, one's first inclination is to
turn to the pertinent technical literature. The availablée litérature,
however, is woefully inadequate for providing the understanding required.

Hebb* feels the problem of thought refers to 'some sort of process
that is not fully controlled by environmental stimulation and yet coop-
erates closely with that stimulation.” He goes on to say that, "the
failure of psychology to handlé thought adequatély has been the essential
weakness of modern psychological theory.” Humphrey** is of the opinion
that, "fifty years experimént on the psychology of thinking or reasoning
have not brought us very far . . .," and Bartlett*** has made the obser-
vation that none of the understanding of the psychology of skill (and
thinking may be considered a form of higher=level skill) started from a
formal analysis of laboratory situations. The literature is inadequate
partly because stridés reported deal primarily with narrow, simplified,
and isolated problems that do not permit extrapolationh to complex, real
world problems. Thus, for example, a recent review of research on human
problem-solving by Duncan® deals neatly and ‘only with discrete, dependent,
and independent variables that fall into three classes and that can be
manipulated readily in the laboratory. One class of variables considered

is transfer of problem-solving ability following variations in training.

Theory, John Wiley & Sons, New York, 1949,

* D. 0. Hebb, The Organization of Behavior: A Neuro-physiological

** Humphrey, op. cit., p. 308.

#** Bartlett, op. cit.,p. 14.
t C. P. Duncan, "Recent Research on Human Problem-Solving," Psycholog=
ical Bulletin, 1959, Vol. 56,pp. 394-429. -
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The emphasis typically is on such things as comparing the effect of
memorization=type learning with "understanding”=type learning., A second
elass of variablés péertains to changés in eithér the céonditions under
which problems are presentéd or changes in the problem itself. For ex-=
ample, relatively simple problems are presented in either eoncrété of
symboliec forms., Ih other studies, the effects of hints and aids on
problem=solving behavior were studied. A third class of variables per=
tains to differencés between subjects such as sex, age, reasoning ability,
and motivation.

Most of the literature on problem=solving, except the Gestalt 1it=
eraturé,* describes the so=called stimulus-response approach. Here we
usually deal with discrete, easily measurable stimulus materials aund
response reactions that fall into "right" and "wrong'' categories. Many
theoretical discussions, for example, Spence's,** focus on such phenom-
éna’ as insight versus trial-and-error problem-golving, and continuity
versus non-continuity in diserimination learning. Others have triéd to
gain understanding of the thinking process by simulating problem=solving
behavior on a computer.*** Newell and Simon record verbatim how a sub=
ject solves a problem that involves ''recording’ symbolic impressions.
They postulate "that the subject's behavior is governed by a program
organized from a set of elementary information processes.' A set of sub=
programs are encoded for a digital computér; each subprogram ''executes a
process corresponding to one of these postulated information processes."
The authors then state that they "write a program, compounded from these
[subprograms] that will cause the computér to behave in the same way that
the subject behaves=-to emit Substantially the same stream of symbols==
when both are given the same problen.”’ The authors assume that if they
"succeed in devising a program that simulates the subject's behavior
rather closely over a significant range of problem=solving situations,
then [they) can regard the program as a theory of the behavior." They
look upon both the computer and the human as symbol manipulatory devices,
They apparently can get their computer to go through some of the logic
of symbol manipulations involved in verbalized thought processes

* See for example M, Wertheimer, Productive Thinking.
Ed. M. Wertheimer, Harper and Brothers, New York, 1959; J. P. Van
de Geer, A Psychological Study of Problem-Solving, Uitgovery De
Toorts, Haarlem, 1957. -
** K. W. Spence, Theoretical Interpretations of Learning, Chapter 18;
S. S. Stevens, Handbook of Experimental Psychology, Ed. Wiley, New

York, 1951,
#%% A, Newell and H. A. Simon, "Computer Simulation of Human Thinking,"
Science, 1961, Vol. 134, pp. 2011-2017.
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associated with rather narrow and limited probléms, But it is another

to deal with compléx problems imbedded in highly unhstructured situations
representing high degrees of uncértainty. Since these are the situations
in whiech the kiiowledgeablé analyst must funetion, it is,; to say the least,
prematuré to éxpect to gain undérstanding of how thése thought procésses
function by looking at computer thought Simulation Studies in their pres=
ent stage of developnent.

Another theory on thinking is presented by Mark.* In his paper on
thinking he is concerned "with phenomena which are likely to increase
efficiency and versatility in problem=solving . . ." He believes "intel=
ligent behavior in man is commonly associated with efficiency and versa=
tility in information rétrieval and learning as well as with behavier
which generates new information which Serves to answer old guestions and
éreate new ones.”" He attributes man's versatility in problem=solving to
a méeméory 'which can activate, malntain, and terminate activities indepen~
dent of, or only indirectly related to, énvironmental or physiologic reg=
ulatory faetors.” He also attributes this versatility to '"within=brain
feedback controls' which provide "non=rigid probabilistic motivators."

"

abilisti¢c motivators actually exist, they are supposed to allow flexible
and logical operations of substitution. Mark states that because of

these motivators "organisms . . . ¢an learn to ¢lassify internal as well

as incoming patterns as similar or different. This ability is considered
to be a powerful tool which (i) permits a system to recognize the strue=
ture of the environment and (ii) further increase the system's opérational

tions of predictions and an operation of measurement.”

It is impossible on the basis of the foregoing articles to gain an
understanding of the processes involved in purposive problém-solving
that typifies the systeins analyst's attempt to deal with systems analy-
sis problems. Yet this is typical of the state-of-the-art. The attempt
is mainly that of devising conceptual representations of relatively man-
ageable and well=structured situations. There is little effort to deal
with the relatively unmanageable and unstructured situation with which
the systems analyst is frequently confronted.

The thinking processes involved in purposive behavior-=a behavior
which occurs commonly and is perhaps even necessary for effective

* H. J. Mark, "Elementary Thinking and the Classification of Behavior,”
Science, 1962, Vol. 135, pp. 75-87.
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problem-solving=-cannot beé clearly specified in the light of available
knowledge. One can merély state but not adequately evaluate the differ-
ent notions about thinking that have been expresséd. For example,
Bartlett defines thinking as "the extengion of evideéncée in aceéord with
that evidence 56 as to fill up gaps in the evidence: and this is done

by moving through a succession of interconnected steps whiech may bé
stated . . .or left till later to be stated."” Bruner** et al, in A Study
of Thinking, deal primarily with the cognitiveé process. By “a cognitive
process, the authors refer to ''the means whereby organisms achiéve, re-
tain, and transform inféormation.,” It must be assumed that this is also
what they mean by thinking. Théy focus upon ''thée most ubiquitous phenom=
enon of cognition: categorizing of conceptualizing.' They attempt to
describe and measure '"what happens whén an intélligent human being seeks
té6 sort the environment into significant ¢lasses of events so that he

may énd by treating discriminably different things as equivalents."
Humphrey™™* states that thinking "may be provisionally defined as what
OGcurs in experience when an organism, human or animal, meets, recognizes
and solves a problem. It is thus part of the total process of organic
interaction with the environment." This latter statément,; it will be
recalled, is handled soméwhat more c¢arefully but perhaps even more vaguely
by Hebb. In addition, as Humphrey points out, the situation 15 even more
cempliéated by the consideraticn that "the psychoiogy of thinking must

tivation.

The above definitions of thinking are all very gemeral. Most authors
that pursue the topic quickly oversimplify the problem and réduce it to
laboratory proportions. It might be more meaningful if the problem is
to be pursued profitably te go back to the fundamental task of asking the
appropriate question. As Bellman' has stated, "one cannot help feeling
that too much effort has been devoted to obtaining answers without nearly
enough effort being directed toward formulation of the proper question."

is what conetitutes good or adequate complex problem9501Ving behavior?
Examples are needed to help define common areas of agreement. Other
questions that must be asked include: How can we improve thinking?

* F. Bartlett, op. cit., p. 75.
** J. S. Bruner _J J.

J. Goodnow, G. A. Austen, A Study of Thinking
iley & Sons, Inec., 1956.
*kk G Humphrey, op. eit., p. 311.

Organizing Systems, RAND Corporation Memorandum RM 3173 PR June 1962.
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What are the important aspects of this process? What arée thé conditioens,
personality factors, and attitudes that positively or negatively affect
this process? The charactéristics of this behavier need to be classified
and deéescribed in detail. But, because any approach to compléex problem=
solving behavior must be able to deal with relatively umstructured situa=
tions, with uncértain outcomeés, with more than one adequate solution,

and with moré than one way to reach an adequate solution, éven insight

to enable us to understand thé thinking and problem=solving process much
better than we do now.

Although this effort at understanding must be made; it may not née=
degree. To make substantial gains in enhancing this process, it would
seém morée reasonablé to return to the princéiplé of having inductive hy=
potheses followed by deductive hypothéseés and having thesé followed by
test and verification o6f thé hypothéses. The knowledge obtained then
must bée assimilated into and become part of the intellectual mesh==the
unique historical accident-=that for éach analyst represents the sum and
integration of all his experiénée. Thi new totality is applied to each
new problem of finding a problem, eack uew effort of perceiving and
structuring a problem, and each new téeleclogical attempt to provide a
direction and goal for problem=solving activities.

This, of ¢ourse, is the iterative feedback method so eommon to the
basic and applied sc¢iences and disciplines. There is every good reason
to believe that thinking, planning, problém=solving, and decision-making
activities grow and benefit by use of this method. Thinking,; planning,
and so on do not become improved by mystica)l internal developments that
are devoid of contact with and experience with the real world. Part of
our thinking apparatus is the world around us, our externalized memory
in the form of libraries and, above all, the tests we put to the world
to answer various questions. So we may say that, if it is enhancement
of thinking that we want, then this will come about in large measure
through the extent and depth of the testing experience that each indivi=
dual has the opportunity to gain, It must be this way. For if it is
agreed that the uncertainty in complex problems is large, that there may
be more than one right way to structure a problem, that there may be more
than one right way to answer a problem and these answers cannot be known
with certainty in advance, and that there may be more than one right path
to reach many of the right answers that are possible, then, lacking om-
niscience, there is no alternative to developing an enhanced thinking
capability other than through testing and retesting continually the world

about us and the systems in it.
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Givén a basic level of intelligence, a basic level of motivation,;
a basic education; and a basic opén-mindedness about the interpretation
of events and facts as they appear, it would appear that it is the cuimu-
lative experience through test and retest that contributes in a very

large way to the thinking procéss., This leads to the very simple, al=

1ysts are those with the most test experience.
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STIC EXAMINATION OF THE KNOWLEDGEABLE ANALYST
by John B. Fink

Editor's Nete: In the preceding céhaptér Rappaport
encé thé knewledgéable ahalyst are extremely complex,
and thig do not iLend themselves to a definitive ex-
planatién. Fink ih the présent chapter shows that

a systemati¢ description of the judgmental funétion
which the knowledgeablé analyst perfoims is possible.
Fink demonstratés this by déséribing theé operations
which a knowledgeable analyst must perform thiough

a4 stimulus-résponse dis¢rimination model. On the
basis of this description Fink is theh able to state
procedures for systems analysis.

What is a knowledgeable ai

This paper develops a concept of the "knowledgeable analyst" as an
operationally determinable set of behavioral events in specified eaviren-
mental contexts, and presénts an operational procedure for systems
analysis.

In order to attribute operational, behavioral meahing to the concept
"knowledgeable analyst," we must provide operational, behavioral meaning
for the two components of the term. We must specify, as precisely as we
can, what we mean by analyst, and what we many by the qualifying condition,
knowledgeable . o

To approach this operational; behavioral meaning, we begin by using
a process of empirically anchored induction to arrive at a tentative,
approximate definition of what the term under consideration must mean {
empirically, i.e., the ways in which it is used, the situations in which
it occurs, the observable instances to which it refers. We scan these
ways, situations, and instances in order to abstract whatever character- ,1
istics they may have in common. This communality provides the empirical
core of the term's definition. Where this communality contains terms
demanding further operational definition, we carry this out. We then
proceed to examine the available operational concepts with reference to
currently understood stimulus-response behavior theory.
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which the "analyst " addresses himsélf Thé'haming of these referential
activities does not, in itself, provide operationdl meaning for andlysis.
Obséfvation, éxpianatiéﬁ éVﬁiuatién, préblém-séiving, and pfédictiéﬁ

operational mesning.

An analyst is; first of all, a behaver, i.e., he engages in a va=
riety of specifiable activities thst”Wémésil, collectively, behavior.
Behavior consists of various b ha évents that can be identified as

"""""" ~ef, identifiable behavioral events
that we sha’1 call behavior items. Thus, relatively minute behavior
items, extended behavioral sequences, or complex simultaneous behavioral
interactions may all be treated as behavioral events following, in gen=
eral, the same set of principles of development and modification that
provide prediction capability and énablé control operations.

Observation

Observation réquires a behavioral relation between somé event avail=
ableé to be "observed' or responded to, and some organism that "observes'
or responds to the event. An observer is a reésponder. Observation is
respondent behavior.

Detailed examination of many empirical instances reveals that not
only is observation to be defined as respondent behavior but conversely,
every instance of respondent behavior may be correctly considered as an
instance of observation. A dog's pricking up of its ears, a bird's turn-
ing of its head toward a specific sound, a man's "hello there!”, or a
systems analyst's identification of a system detail are all instances of
observation behavior. Operationally, what they have in common is that
each is an instance of a discrimination behavior; and this is true of all
respondent behavior.

To discuss this a little more precisely, let us take a closer look
at the behavioral activity of discrimination.

Digcrimination may be defined initially as a selective, differentiated

association of events available to be responded to and events that do the
responding. For example, if an organism is surrounded by a set of environ-

mental events, call them E events: E;, Ep, E3, . . . Ep, and if the
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organism has at his disposal a set of behavioral events: B, By,

83, Bm, and if a subset of the available B events occurs with a°
high degree of reliability to a subset of the E events, we say that we
are witnessing an instance of discérimination.

In Figure 1, E; == By and E3 =——>B; are instances of discrimi-=
nati@n. »Wheﬁ_ES éiiéits B4, Bg, BB* and when E-, Eg, and Ey elicit Bg,
we also have discrimination situations.

FIGURE 1

EXAMPLES OF ENVIRONMENTAL=
BEHAVIORAL DISCRIMINATION SITUATIONS

=}
2

The smaller the size of the subsets and the higher the mutual-

ity, the more effective the discrimination. The hypo=

occurrence probabil the more eff
thetically limiting case of a single, narrowly differentiated B event

related to a single, narrowly differentiated E event with a mutual-

occurrence probability of 1.0 constitutes a theoretical ideal of optimum

discrimination.
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When the relation betweén a specified behavioeral event, B,, and a
specified environmental event, E,, assumes a probability discernibly
distinct from chance or random contiguity, we are approaching the defi-
nitions of response and stimulus. The one other condition required is
that of temporal relation.

Definition: nmental

event E

When (1) the initiation of a spe01f1ed enviro

, 4 °f Ex and By mes pr,qbab;,_l_;,tx ,d,ij-
cernlbly different from chance c6htiguity, then we eé;; EX a stimulus,
: /e By a a response, Ry )

The conditions that define stimulus and response aré alseé the con= g
ditions that define discrimination. This is another way of saying not )
only that every s'f"~“~‘R relation is a disérimination rélatién but thﬁt
every § =—==»R
lation; i.e.; the various expressions (l) S -——i=»lt, (2) disérimination
relation, (3) respondent relation, and (4) observation relation are op-
erationally synonymous.

Schematically, as in Figure 2, Ej ====» B and E3 =———» B) meet the
conditions of a respondent, diseérimihnatien relation.

FIGURE 2

STIMULUS=RESPONSE REFLEXES

E; (8))~ 5
?
EZ ,
Ey(3,)
E B
n m

Therefore, we can refer to El,.,;_,, Bz and E3 —p Bl as the stimulus-
response relations, SIEEFEH.Rz and 83 e Rl A stimulus-response
relation defined in this way is called a reflex.
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In addition to referring to the simple general casé of Sy ===
a8 a diserimination reflex, we further specify two typés of situations:
(1) stimulus discrimination, and (2) response digcrimination.

Stimulus discrimination is the situation in which, as schematically
represented in Figure 3,

()

FIGURE

STIMULUS DISCRIMINATION

>Ry

= Rg

“ Ry

Sn Rp

Sg is sélectively differéntiated from its accompanying stimulus events
Sl and S3 by the discriminative reflexes 82 Rl, Sz —sz,

Sy s R3, whereas the situationally potential reflexes invelving Si
and S3 do nmot occur.

Response discrimination is the situation in which, as schématically
represented in Figure 4,
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FIGURE 4

RESPONSE DISCRIMINATION

R2 is selectively differentiated from available, alternative responses
Ry and R3 by the discriminative reflexes §; ———=»Ry, Sy =—=>Ry, and
S3 ~—~—# Ry, Whéreas the situationally potential reflexes involving Rj
and Ry do not ocecur. '

Operationally, observation is discriminative reflex behavior. Con=
versely, every instance of reflex behavior, i.e., where an organism re=
sponds differentially to some environmental event, is an instance of
observation behavior aleng with whatever other behavioral c¢lass to which
its operational characteristies may assign it.

Explanation

Explanation, in its simplest form, is behavior that refers the oc-
currence or activity of some identifiable event to the occurrence or

activity of another identifiable event. More complex forms of explanation
are compounded of elements of this type. This definition not only covers,

comprehensively, empirical instances of explanation, but also enables us

to schematize explanation in fundamental stimulus-response terms.
Consider the general class of questions of the form: Under what

circumstances does event x lead to event y? i.e., what are the determin-

ing conditions for E, ——»E,?

(Figure 5), we are asking: When E, and Ey appear i

Representing the operational elements of this question schematically
n

a larger environmental

e ey b e e



context also containing Ej, Ey, Eg, . . . E,, which of the E conditions
determine the ocecurrence of Ey subsequent to thée occurrence of Ey?
FIGURE 5

SCHEMATIC REPRESENTATION
OF THE "PRE=EXPLANATION" SITUATION

=1
=

Since "explanation' operationally impliés an observer-explainer who
responds té these events, the E events arée acétually S évents. We are
really asking: What are the S conditions that determine the occurrence
of Sy subsequent to S,? Or, what other S events must accompany S, to
determine thé occurrence of Sy?

A stimulus-response schematie (Figure 6) shows the observer-
explainer responding to all i

their correlated occurrenc
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FIGURE 6

SCHEMATIC REPRESENTATION OF "EXPLANATION"

In this example, the observer responds to $;, Sy, S3, S84,
Sgs - - - Sx' . 8y, and S, when they happen to occur. The observer
also responds to the highly correlated occurrences of stssx_ﬁw,:
Sl, S3, S4 are not observed to accompany S, in highly correlated occur-

rences with Sy Therefore, 82 and S5 are specified as co=-determining

explanatory stimuli for the relation Sy ==—Sy; and §, S3, and S4 are
not , )

A generalized definition statement of "explanation" consists of
three conditions and a »v"clusion;

value discernibly different from chance contiguity, and

-
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. .when the occurrence of othér specified events v and W is corre=
lated beyond chance contiguity with the mutual occurrence of
and y,

. .then v and w are said to be explanatory co-determinants of the
relation X =

Noté the similarity between this definition of explanation and the
definition 6f a stimulus=response reflex on page 100. The form and sub=
stance are essentially the same except for the presenceé of additional

events v and w associated with x - »y in the présent discussion. This

suggests that we c¢an say that in apy stimulus-response reflex situatiof,

S not only elicits R but constitutés an operational explanation for the
occurrencé of R; and any other events significantly correlated with S as
it engagés in its § ———» R relation aré explanatory events for the S=R
réelation, and co-détermining explanatory events for the occurréence of R.

If v and w correlate with x ====$y at significantly different proba=
bility levels, the highér probability level is assigned the explanatory
funetion.

Evaluation

; via opéerational induc¢tion, turns out to be a behavioral
>cess, a comparison of an availablé set of events currently
under 1nvest1gat1on with a set of events defined to be the objeective.
This comparison is made in terms of observable stimulus characteristies
by the "evaluator,'" again our observer. In its simplest form, evaluation
might be represented schematically, as ih Tableé 1.




Table 1
EVALUATION TABLE
Objective  Available _ _Evaluation Operations

Stimulus Stimulus Specification of Specification of
__Set = set  Correspondencies __ Discrepancies

The evaluator obsérves that the available stimulus set corresponds
to the objective stimulus set with respect to stimuli 8,, S5, 84, Sj,
and S;. He observes discrepancies between available and objective stimu=
lus sets with respect to S,, Sg, and Sg. He notes further that this is
due to the absence of §, and Sg, and the excessive presence of Sg in the
available stimulus set. This is the end of his role as evaluator. If
he were to go on as a problem=-solver, it would be his task to designate

operations to add S; and Sg to the available set, and to remove Sg from
it. ) '

Problem-solving

From the point of view of the problem-solver, there are two opera-

tionally distinct kinds of problems: we shall label these (1) the vague=
uneasiness problem, and (2) the stimulus-oriented problem.
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The vague-uneasiness problem exists for the problem-solver when un=
specified circumstances lead him to say: "I am aware that something is
wrong, but I am unable to say precisely what it is or what it consists
of." This kind of problem is resolved by a recognition and specifica=
tion of thé seécond kind of problem; the stimulus-oriented problem.

In some cases, resolution of the vagué-uneasiness problem; by spe=
cifying the stimulus-oriented problem, solves the practical "problem" at
hand; i.e.; the problem-solver may say: '"Now that I know what was bother=
ing me, I am no longer bothéred. I have no further problem.'" 1In other
cases, the total problem=solving situation begins with the vague=
uheasiness problem, and transitions into the stimulusaoriented problem
which must be solved beforé the total "problem' is considered solved.

Effective problem=solving behavior involves a number of clearly spes=
cifiable, opeérational steps:

1. Specéification of types of stimulus events that enter intoe the
problenm

2. Specification of stimulus characteristics and interactio s that
are desired

3. Specification of stimulus characteristics and interactions that
are curréntly observable

4. Specification of discrepancies between (3) and (2)
5. Specification of operations converting (3) to (2)

6. Testing validity of operations specified for converting (3) to
2)

7. Conducting operations validated for converting (3) to (2)

Steps 1 through 4 define the stimulus-oriented probiem, Their re-
lation to our operat1ona1 definition of evaluation (page 106) is obvious.
Steps 5 and 6 provide analytical and methodo oé cal solutions for the

problem. Step 7 provides empirical solutions for particular in situ

instances of the general problem.
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Decision-making

The systems analyst is faced repeatedly with situations that Fequire
decisions. Given a specified set of mission réequirements, whieh of a
number of alternative performance functions should he incorporate into
his system? Which o6f a number of available, structural ¢omponents should

he select to achieve the desired functions? Faced with a cost-time trade-

off in research and dévelopment planning, whic¢h o6f a number of available
cost=time combinations should he utilize as optimum? Decision situations
confront him everywhere. How does the analyst "arrive" at the necessary
decisiong? What is decision-making? What are its determining factors?

In stimulus=responsé terms; decision-making consists of performing,
discriminatively, one 6f a number o6f available responses; i.e.; decision
behavior is an instancé of response-discrimination as schematically rep-
resented in Figuré 4. TheFe is hothing behavierally utiique about what
wé aré calling decision-making. However, the determininhg factors in de-
cision behavior are worth some discussion.

What are the determining factors in decision béehavior? To phrase
this in our techniesal beéhavier language: What are the determinant varis
ables in response-discrimination?

Initially we can say that there are two general types of response=
determining variables:; (1) immediate stimuli, and (2) reflex history.
The importance of the Type 1 variable, consisting of immediate stimuli,
is self-evident. That a person responds to whatever is présent is beyond
argument. The significance of the Type 2 variable, reflex history, may
require some explanation.

While it is true that a person responds to whatever stimuli are
present, their presence alone does not determine the specific nature of
the response. Referring again to Figures 3 and 4, the presence of any
one or several of the stimuli $,, S,, S3, . . . S, will, of course,
elicit the occurrence of one or more of the responses R;, R,,

Rg, . . . R,. But the particular response or response combination that
actually does occur is determined by the reflex history of the person
respe

with pect to these stimuli and responses.

If a stimulus, say S,, that is present on some specific occasion is
involved in unconditioned (i.e., unlearned or "instinctive") reflex with
one specific response, say R,, then S, ~——» R, has an effective reflex
strength. S, determines the occurrence of R,. And we can say that R,

is the behavioral “decision" consequence of S,.

o = b it e “ﬂ.u,_um.., .



Some eritics might argue that the term "decision’ does not ordinarily
apply to unconditioned, "instinctive' reflex behaviors, that it usually
refers t6 situations where the person is not compelled by bioloegical he=
cessity to provide a specific response. This is a false argument; i.e.,
it implies a premisé that, in careful experimental observation, is empiri=
cally and patently false. It implies that non="instinctive" reflexes,
i.e., conditioned (learned or "acquired") reflexes, are not instances of
biological necessity; that, somehow, thére is some element of subjective
"ehoice'" (the traditional ethical philosopher's predilection for "free
will"). Unfortunately, a reluctant but inevitable statement derived for
rigorous behavior research and behavior theory is that acquired behavior
is’ just as thoroughly determined as is unconditioned, "instinctive" be=
havior.

Briefly, let us take a closer look at the apparent paradox of choice.
We find ourselves confronted by a situation that, environméntally, allows
us to make any one of a number of responses. This is a choice situation
defined in terms of what the physical environment allows. We "feel" that
we have a choice. However, our refiéx conditioning history predisposes
us to make Ry, Ry, or Rg; or R; + Ry; or it produces conflicting behaviors
R, and Rs so that, as a result of neuromuscular competition, we are either
unable to make R; or R, (i.e., they are mutually inhibiting), or we oscil-
late between R; and Ry. It is this last situation that gives us the il-
lusion of choice., Since it isn't very flattering to aceept this mechans
istic, deterministic view of our behavior, we generally continue to beguile
ourselves with this illusion of free choice.

We are saying that experimental evidence on behavior suggests that
stimulus-defined choice situations do éxist, but that response=defined
choice situations do not.

The effect of this on our decision-maker is clear. He can be pre-
sented with choice-problems, but he emerges with a determined, non=choice

response solution.

Hesitant, oscillatory behavior is often interpreted as '"choice be-
havior." This is illusory. Hesitant, oscillatory response patterns are
as thoroughly determined as any other responses; and if they are subse-
quently followed by some unambiguous "decision" response, then it, too,
is determined. It has finally been evoked by either some tardily observed
stimulus or by the occurrence of some available, previously well-
established response-response reflex (i.e., Ry ———» Ry).

What this means to our "decision-making" analyst is that (1) his
reflex history determines how he will respond to specified stimuli,

-
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(2) available, immediate stimuli in conjunction with that reflex history
determine how he will respond now.

Dec¢ision-making is disc¢riminative-response behavior--né moreé, no
less; Since wé can do nothing t6 change this state of affairs, we can
at least note ohe advantagé in it. It énables the deterministic train=
ing o6f decision behavior.

Prediction

reflex probability history of the observer.

Operationally, to what kinds of situations does the term prediction
refer? o o

Let us sey that we wish to predict some event, y, with respect to
some event, x. This requires (1) that wé 50 define ;he characteristics
of x that we can identify its oceurrencé or non-occurrence; (2) that x
belongs to a group of X 5 that display a set of similar, identifiable
characteristics that we define as the characteristics of the group of
X 8; we refer to this group of x s as the class of x.

Having defined the class of x in terms of a certain limited number
of commonly displayed, identifiwae characteristics, weé now proceed to
examine a sample of these x s to see what other characteristics they may
possess; let us call these x' ("x-prime") characteristics.

We now say, to the extent that the events we call X s are validly

s (i.e., to the extent that they actually display the’Qriginglly defined
characteristics), and to the extent that these x events actually dis=
play x' characteristics, then to that extent we will expect other members
of the x class not yet examined also to display x' characteristics. Thus,
we predict the occurrence of x'. If some event y fits the definition of
x', then y is an x'; and we can predict y. -

I% Ix

Prediction, as defined here, is a legitimate method of extrapolation
from a sample to the class, where the class has been defined validly
(i.e., where the characteristics of the member events have been defined
as identifiable and reliable occurrences for all members), and where the
sample has been selected validly (i.e., where all members of the sample

conform to the defining characteristics of the class).

=
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Since,; opéerationally, the X and x characteristies are stimuli for
résponses of an obséerver, our prediction situation may be schematized in
S=R terms; as in Figutre 7. ;1 Sl’ SZ' 83, S4, SS’ e S are observed
to mahifest characteristics Xy, X9, X3, X4, Xz, . . . Xpj and if Slxl,
SZXZ’ and S4x4 are observed to manifest characteristics xl ; x2 , and
x4 5 féspectiVély, then it is inferred that Ssx3 Will manifest x3 R Ssx5

will manifest x5'; etc

FIGURE 7

SCHEMATIC REPRESENTATION OF "PREDICTION"

;i:
RI (observation of Sx charactéeristics)
Sp*n
] b . - !
and if: S1%1%)
SoXoX, '——gpm R, (Observation of Sxx' characteristics)
t
then: BLBZ' (33 (inference that saxaxa', Séx5xs', etec.)

if a sample of these Sx events show x properties, then we infer that
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Prediction is the asserted extension of x' characteristics from x-
! ample members for which x' observat
members for which x' observations have

ons have been made to x-class
not yet been made. -

The Meaning of "Knowledgeable"

What do we mean by "knowledgeable?" Operationally, "knowledgeable"
must refer to somé identifiable behavior pattern, somé sét of observable
réesponses.

When we ask whether George "knows" that event E; leads to event E,,
we are asking, operationally, whether when presentéd with E;, either
directly or symbolically (e.g.; verbally); George will behave as if he
expects E2 to follow. This behavior can take the form 6f a symbolic
response (e.g., verbal) or a direct responsé indicating expectation of
prediction of EQ.

The definition of "knowledgeable" must meet two conditions:
(1) situational validity, and (2) reflex reliability.

Situational validity requirés an external criterion; i.e., it is
concerned with whether George's response corresponds to some other cri=
terion for determining which 6f a number of possible responses is the
"correct" response.

For example, if in the year 1400 a school child were
asked, "What is the shape of the earth?", his "correct" response, demon=-
strating his "knowledge," would have been "Flat!"
"correct" and "knowledgeable" in the sense that it was coherent with the
general opinion of the time. In 1900, the "correct” and "knowledgeable"

,,,,, In

1962, with reference to various scientific findings, a more "knowledgeable"

response would be "Roughly pear-shaped!'"

In stimulus-response terms (Figure 8), of three possible responses
x’ hamely R(S,), R(Sy), and R(Sy),

to §
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response R(Sy) is the "correct" or "knowledgeable" response because it
is accompanied by the validating criterion stimulus, Sy.

Reflex reliability refers to the situation where, to the repeated
occurrence of stimulus Sy, response R(Sy) has a high probability of sub=
sequent occéurrence. Reflex reliability is a necessary condition for de=
termining the specification of "knowledge' because random occurrence
résponse. But, if reflex reliability is discernible at an acceptable
probability level, thehn we can say that the "correct" response is "knowl-
edgeable” rather than random.

With reference to our earlier discussion, "knowledgeable" behavior
is, obviously, discrimination behavior. Discrimination behavior always
meets the reflex reliability condition, for this is what enables us to
identify it 4s discrimination behavior. But, discrimination behavior,
as such, does not always meet the situational validity cendition. It is
this condition that enables us to distinguish "knowledgeable" discrimina-
tion responses from "non-knowledgeable,” "incorrect," or "false" discrimi=

The knowledgeable analyst, then, is an obgerver who engages in dis=
1 s ions of situational
ative re-
flexes in the operational, stimulus-response activities of explanation,

crimination reflex behaviors that meet the condi

evaluation, problem-solving, and prediction, -

A Behavioral Definition of Meaning

We are engaged in an operationally oriented investigation designed
to arrive at a concept of the "knowledgeable analyst™ as an operationally
determinable set of behavioral events. To accomplish this, we have
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"knowledgeable." But, we have not yet defined what we mean by meaning.

"What do we mean by meaning?" is itself not a legitimate question
since the use of the word ''mean" implies that we understand it while at

the same time we are inquiring about "meaning." An operationally oriented
rewording of the quéstion resolves this problem by asking, "To what kinds

Beginning with a broad scan of empirical instances, we ¢an assert
that wherever a responder is available, meaning is a relation between
some observed event and a responder. We, as outside observers or meta=
observers, further observe that various responders often réspond differs
ently to what is defined by the meta-observer as the "same" event.

When the meta=observer says that observable instance X is the "same"
event as observable instance y, he is saying that his response to y is
the same as his responseé to 37 And hére is our ¢lue to a referential
definition of meaning. x "refers to" y for the meta-observer in the
sense that his response to x, call it ii, is no different from his reé-
sponse to y, Ry; i.e., when R, and R, are non-differentiable, then the
meaning of X which is Ry, and the meaning of y which is Ry, are non=
differentiable. When Rx is R,, then X means y.

also for the responders that he is observing, and the events to which
they are responding.

Meaning is responding. The meaning of a stimulus to a responder is
precisely the response that he provides.

A nice example of this is available in the meanings of the visual
stimulus-word "CHAT." If we ask English-speaking responders, "What is
the meaning of 'CHAT'?", they respond in terms of such referents as
"talking, conversing, discussing,” etc. The same question to an audience
of French-speaking responders, couched of course in French, "Qu'est-ce

qu'il veut dire 'CHAT'?", brings responses in terms of a hairy animal

with gpecifiable anatomical characteristic¢s, that produces a sound some-
thing like "Meow." The referent for the French '"chat" is the referent
for the English "cat." So, what does "CHAT" mean? It means precisely
the response that the observer provides to it.

A distinction is sometimes made between correspondent meaning and
coherent meaning. Correspondent meaning is defined as an assigned cor=
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event doing the defining (the definiens). Coherent meaning says that an
event is defined by its context, that the surrounding events structure

the meaning of the évent under consideration. There appears to be nothing
wrong with thése two "types" of meaning as long as we go on to note the
observable fact that they achieve their "meaning" prorerties only by
virtue of the behavior of a responder.

Thus if, as in "coherent" meaning, an observer responds to x=stimuli
in a context of p-stimuli as "x;," and to x=stimuli in a context of g=
stimuli as "x,," then it is his response to the context stimuli along
with his response t6 the x-stimuli that defines "x," and "x4" respec-

tively, and provides the distinction between them (Figure 9).

FIGURE 9

COHERENT MEANING

The schematic in Figure 9, representing coherent meaning, is actu-
ally an instance of stimulus diserimination. If the observer always saw
X immersed in a context of randomly mingled p's and gq's, he would make

r

no distinction between x, and x,; there would be only X with random as-
sociative properties. It is only when he observes S, S and S S combina=
tions grouped homogeneously that he emerges with the stimulus discrimina-
tion, Sxp and Sxq-
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Similarly for "correspondent’ meaning, as in Figure 10.

When an observer responds to S, and S, in correlated occurrence, then Sy
is defined in association With S,.

Both "coherent'" meaning and "correspondent' meaning depend upon
stimg;us association in reflex relation to a diseriminative response
The "two types of mean"ng”are subcategories of this general ‘behavioral
principle of discriminative résponse to stimulus association.

Behaviorally, the meaning of any stimulus is the responseé of the
observer. Behaviorally, m ng e

An Operational Procedure for Systems Ana1y51s

The behavioristic picture of the knowledgeable analyst developed
here holds specific implications for the kind of procedures he will em=
ploy in his systems analysis aetivity The behavioristically, peratione
definition for the events, concepts, and operations that he considers
critical to the systems analysis task.

It would be pointless to assert that he will actually explicate

The important point here is that he attempts to identify every critical

every one of the critical items; this would be a non-testable assertion.

ou

?
for stating the I nctions involved in operational procedures for systems
t, systems evaluation, and systems compatability.
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In the systems development problem the behavioristically oriented
analyst might phrase his task as: "We are interested in developing a
system that has certain mission objéct. with respect to certain en-
vironmental events and certain minimum performance requirements."

In performing this task, he will engage in the following types of
operations:

1. Specification of environmental events E;, E3, E3;, . . . Ep,

environmental objectives and constraints with respect to which

the system is intended to operate; these are the environmental

[ ]
(2]

pecification of mission objectives My, My, Mz, . . . My; and

éxamination of these to see if they are operationally meaningful

in terms of the population of eavironmental events with whieh
they are-intended to deal; i.e., M;;

My, My, . . . M, are vali-

dated against E;, Ey, E5, . . . E,. validation in this context

n

means: Do the specified M events refer operationally to speci=
fied E events; and are the M events, as specified, necessary and

sufficient to meét specified E event conditions?

3. Specification of minimum system performa
Py, . . . P, demanded by mission objectives My, My, Mg,

ce requirements P,, Py,

My

Validation of P parameters against M parameters to meet condi=

tions of reference, necessity, and sufficiency. Examinatioen of

P parameters to see if they are operationally feasible; i.e.,
validation of P parametérs against E parameters.

4. Specification of minimum component functions requirements F,,
Fy, Fg, . . . F, demanded by performance requirements P;, Py,

Pa. e Pn, and validation of F parameters against P parameters.

5. S8pecification of structural characteristics §,, 8,5, 83, . .

meters against F parameters and P parameters.

== — s —assoo s P1 P2 3 ) n
demanded by F parameters and P parameters. Validation of S para-

6. Specification of predicted performance characteristics P?l, P?z.
PP,, . . . PP determined by F and S parameters. Validation of

these PP parameters against P parameters.

Step 1 specifies the environmental determinants--the original set

events with respect to which the system is to be developed. Steps 2

. 8

of

through 6 involve successive generation and validation of each subsequent

set of events with respect to its antecedent set,.

117



In an idealized situation, with no constraints, the analysis would
be complete at this point. However, the practical, "knowledgeable'
analyst 18 aware that in the real world of empirical, operationial systems,
there are somé very réal ¢onstraints., He knows that he must consider
gtructural constraints (Ks)v cost constraints (Kz), and time constraints
(K¢). Consequently, he will employ further steps. He will:

7. Specify structural éonstraints Ksl' Ksﬁ' Ks3 .. . K n imposed

S
by the limiting characteristics of available co mponént materials.

8. Specify cost constraints Ksl, KéZ’ :03, e Kcn impé d by
available funds, materials,; processes, procedures, and manpower.
9. Specify time constraints K . K o initially the

y to%al system gevelopment (later, time

program).

10. Examine the cost x time trade=off function, and select an ac=
ceptable range of values. The curve in Figure 11 shows a simple,
geneéralized cost x time trade=off function. Extra<system re=

. quirements define the maximum éost (max-=¢0st) constraint and the
maximum tifie (Max=time) constraint. Thé max-¢ost and max-time
valués are projected to interseé¢t the curve. That area of the

curve bounded by the max-cost and max-time intersects contains
the range of acceptable éost % time trade-off values.

11. Restate the structural constraints of Step 7 as affected by the
acceptable range of cost x time trade-off values in Step 10,
thereby providing revised structural constraints, K'g.

12, Restate the structural characteristics, the 8 parameters of
Step 5, as modified by the revised structural constraints, K's,
of Step 11, thereby providing revised stru;;ural characteristics,
s',

s', developed in Step 12 on functions rquirements (E, step 4)
to yield revised functions requirements, F'.

14. Identify the effects of S' characteristics and F' characteristics
on predicted performance (PP, Step 6) to yield revised predicted
performance characteristics, PP'. S
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FIGURE 11

COST x TIME TRADE-OFF FUNCTION
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15. Compare PP' characteristiés with original performance require<
ments (P, Step 3). Note disérepancies, and specify révised per=
formance requirements, P'.

16. State revised mission objectives, M', to fit available PP' and
P' characteristies. o

In practice, the knowledgeable analyst recognizes that revised pre=
dicted performance, PP', is his critical dependent variable. It is the
center of his activity. Its parameters are determined by certain positive
funétions that support PP characteristiés, and by cértain negative func=
tions that depreciate PP characteristies.

The effective, kinowledgeable systems analyst utilizes thése 16 basic
activities in phases, as indicated in Table 2.

In geneéral, the activities of Phase I deal with positive, supporting

functions. If we represent the validation procedures involving Steps 2
through 6 in functional terms, then: M = f(E), P = f(M), F = £(P),
8 = f(F), and PP = f(S;F); i.e., mission objectives are a positive func=
tion of environméntal determinants; performance requirements aré a posi-
tive function of mission objectives,; functional requiréements are a posi=
tive function of performance réquirements, structural requirements are &
positive function 6f functional requirements, and predicted performance
characteristics are a positive functional ¢onsequence of structural and
functional characteristiés in interaction.

A curve representing each of these functions would be of the general
form indicated in Figure 12, where the dependent variable is an increasing,
monotonic function of the independent variable.

FIGURE 12

GENERAL FORM OF THE FUNCTIONAL RELATIONS
OF DEPENDENT AND INDEPENDENT VARIABLES IN PHASE I

bv




!

f=a
1o
w
o

X

Table 2

STEP AND PHASE BREAKDOWN OF SYSTEMS ANALYSIS PROCEDURE

f

.

2] ST S U

o 2

10

11

12

13

14

15

Step

Reiévan?”EVéntsr

>
5

-

f-od
0]

7))

K

.o

environmental determinants
mission objectives
performance requirements
functions requirements
structural eharacteristics
predicted performance

cost constraints
time constraints
cost constraints
time constraints
cost constraints
time constraints
revised structural constraints

revised structural constraints
revised structural characteristics

revised structural characteristics
revised funetions requirements

revised structural characteristics
revised functions requirements
revised predicted performance

revised predicted performance
revised performance requirements

revised performance requirements
revised mission objectives
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Steps 7 through 12, constituting Phage II, deal with constraining
variables that have the effect of depreciating structural characteristies,
S. As indicated in Step 7, limiting characteristies of available compo=
nent materials impose structural constraints, Ky, upon structural charac-
teristics, §; i.e., 8' = £(Ks), of the general form indicated in Fig=
ure 13.

FIGURE 13

EFFECTIVENESS OF REVISED STRUCTURAL CHARACTERISTICS
AS A FUNCTION OF EXTENT OF STRUCTURAL CONSTRAINTS

As structural constraints, Ks, increase, effectiveness of revised struc-
tural characteristics, $', decreases. Furthérmore, for any specified
complex system, structural constraints, Kg, are inversely related to money
spent (i.e., cost) and to time spent; that is, within certain ranges of
values; the less money and time spent on research and development, the
greater the magnitude of structural constraints imposed on the structural
effectiveness of the system. To express this entirely in constraint terms,
the greater the size of cost and time constraints, the greater the struc=
tural constraints. K, is a positive function of K. and K, (Figure 14)

so that S', in turn, is a negative function of K, and K, (Figure 15) as
effected through K; (cf. Figure 13).
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FIGURE 14

STRUCTURAL CONSTRAINTS AS A
FUNCTION OF COST AND TIME CONSTRAINTS

K; and/or K¢

FIGURE 15

STRUCTURAL EFFECTIVENESS AS A
FUNCTION OF COST AND TIME CONSTRAINTS

K and/or K¢

Phagse III, Steps 13 through 16, deals with the effects of these §'
determinants on functions requirements, F, to produce revised functions

produce revised predicted performance characteristics, PP'. PP', in turn,
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can demand révised performance réquiréements P' and réevised mission objee-
tives, M'. Since PP' characteristics are a positive funetion of revised
§tructural c¢haracteristics, §', anything that encourages striuctural éon=
straints, K., has the effect of depreciating predicted performance.
Wherever PP’ characteristics differ from original system performance reé-
quirements, P, thése P reéquirements must bé revised as P' requirements
to correspond to the operational limits of the PP' characteristies. If
this revision demands a modification of the original mission objectives,
then these M events must be reviséd to M' events compatible with PP' and
P'. 1In other words, when a systems development problem is econducted
rigorously by an honest, competent, kiaowledgeable analyst,; we do not al-
ways emerge with préecisely the originally intendéed mission. However, we
do emerge with thé nearest possible operational approximation. And, we
do know preciseély how and whére we deéviate, and why!

The systems developnent procedure we have outlined here is actually
a sucgessgive val We validate M against E, P against M,
F against P, S against F, PP against S and F, etc., right on through the
process. We further validate S against the constraining functions K,

'K‘_ ’
ygeld PP', P against PP' to yield P', and, finally, M against P' to yield
M'. If M' = M, then the original mission définition is unchanged. It is
a rigorous validation sequence: mission definition against éenvironmental
determinants, system ¢characteristics against mission definition, system
characteristics against externally imposéd constraints yielding revised
system characteristics, mission definition against révised systém charaé=
teristics yielding, where necessary; a revised mission definition.

Now, this Kind of validationh is; basically, nothing more than the
stimulus discrimination comparison we considered in our discussioh on
evaluation (p. 106). Beginning with the M against E validation, and con-
tinuing through P against M, F against P, etc., each successive validation
comparison consists of an Objective Stimulus Set and an Available Stimulus
Set (cf. Table 1). The major difference is that the Available Stimulus
Set is generated from the Objective Stimulus Set before being compared
(validated) against it.

There are a variety of ways in which this successive validation
technique can be performed. Ideally, we should have some standardized,
procedural form or check-list model with respect to which detailed valida-

tion relations can be indicated to and checked off by the systems analyst.
One model of this kind is the Systems Analysis and Integration Model
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(SAIM) developed originally by Shapero and Bates,* and discussed by
Shapero and Schaeffer.** This model arranges for specification of criti=
cal systems=analytic events and is also nearly identical with the first
two steps of the matrix=nétwork approach présented by Schaeffer in Chap=
ter III1.

No discussion of the system analyst's task is compléte without con=
sidering the problem of reliabillty Reliability is an operationally de=
finable concept that refers to a measure of c¢orrespondence or correlation
betweén two or more specified samplé sets of events drawn from theé same
évent=population. When we invéstigate system performance réliability, we
are inquirifig as to how well, on a numbér of successive system performance
trials; the operational performance (OP) characteristiés correspond or
correlate. That is, if Trial 1 operational performance consists of items
OPy, OPy, OP3, . . . OP,, and Trial 2 performance consists of items OP'y,
OP'y, etc., and Trial 3 consists of OP";, OP",; etc. then how well do the
OP, OP', OP" characteristic¢s correlate? There is no neéd to discuss here
the mathematical correlation modél, since it is routinely available in
any compréehensive statisties text. Let us observe, however, that this
correlation comparison of repeated performance patterns is a specific ex=
ample 6f thé validation (evaluation), disecrimihative stimulus comparison
discussed previously (p. 1C6).

System evaluation, which is a major problem discussed by Schaeffer
in Chapters 1 and II, consists of comparing revised predicted performance
characteristics, PP', with operational performance ¢haracteristics, OP;
i.e., does the system do what it is supposed to do? This is actually
system validation against opérational performance.

System compatibility analysis comparés PP' characteristics of an
interacting subsystem, or OP characteristics of one subsystem with OP
characteristics of an interacting subsystem. This is an inquiry into
intersubsystem va11d1ty, i.e., how does each subsystem validate with re-

* Albert Shapero and Charles Bates, Jr., A Mbthod for Performing Human

space Med cal Laboratory, Wright A1r Development Center Wright-

Patterson Air Force Base, Ohio, September 1959.

** K. H. Schaeffer and Albert Shapero, The Structuring and Analysis of
Complex System Problems, Air Force Technical Note AFOSR 810, Stanford
Research Institute, Menlo Park, California, under Contract AF 49 (638)-
1020 to Air Force Office of Scientific Research, May 1961.
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In this connection, it is of interest to consider, briefly, the
training of the knowledgeable systems analyst. This would involve in=
struction in the systems analysis procédures described. Standardized
system development, evaluation; and compatibility situations would be
used to train the analyst to identify the appropriate classes of dis=
ceriminativé stimuli, and to instruét him in the appropriate operations
to bé employed on those stimuli. A training regime designed to produce
knowledgeablée systems analysts ¢an be eéonstructed around a series of
questions and operations selected to reflect the essential details of
the successive validation proceduré. This kind of training problem
appropriaté visual aids. However, to obtain maximum, standardized ef-
fects, it is worthwhile to consider whethér the desigh of a Systems
Analysis Training Simulator is feasible. The contention here is that,
using the operationally defined systems-analytic events already discussed,
a Systéms Analysis Training Simulator ¢an be designed that will train

the poteftial systems analyst toe (1) phrasée his systems problems ih terms

of generalized, operational concepts, (2) identify and specify the dis=
criminative stimulus events upon which hé should operate, (3) génerate
and validate the appropriaté; successive sets of analytic évents with
respect to defining and constraining factors, (4) specify a prototype
system configuration; (5) design procedures for evaluation, compatibility,
and reliability testing, and (6) specify an operational system configuras
tion.

The knowledgeable analyst is a discriminative responder. Using a
stimulus=response discrimination model, we can describe and define opera-
tionally such analytic activities as observation, explanation, evaluation,
problem-solving, and prediction.

A behavioral definition of meaning, necessary to understanding the

activities of the knowledgeable analyst, is discussed in the stimulus-
response context.

erence to problems of systems development, systems evaluation, and systems
compatibility. These are based upon an operationally defined successive

validation technique. Implications of this approach for training of the
systems analyst are considered briefly.

Operational procedures for systems analysis are presented with ref-
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VIII THE KNOWLEDGEABLE ANALYST AND THE

ANALYSIS OF COMPLEX SYSTEMS

The matrix-netwWork approach presented in Chapter III is considered
to be an approach to systems analysis rathér than a fiethod of systems
analysis, sinée it laecks the precision required of a methoed. This lack
of precision expresses itself through the fréquent referral to thée knowls
edgeablé analyst's judgment as the decision criterion. In an effort to
illuminate the concept of the knowledgeable analyst, my co-authors discuss
various aspécts relatéd to this concept in Chapters IV through VII. Can
wé now present on thé basis of these insights a méthod for systems analy=
sis? If not, can we indicatée what furthér work is required to sharpen
thé approach into a method? Or, is ah approach to systems analysis pref-
erable to a method for systems analysis?

To answer these questions let us consider first the conditions under
which oné ¢an aveid in an analysis the use of the knowledgeable analyst's
judgment as a decision ériterion. In the preceding chapters wé encountered
these conditions twice. First, in Chapter V, where weé disé¢usseéd the
linguist's position in phonetic analysis and noted that he was required
in this type of analysis only because at present "sufficient means for
the instrumentation of the sound-producing anatomical conditiomns' are
lacking, but in theory he is not needed because in theory one can define
available these functions could be instrumented. Second, in Chapter VII,
where Fink presents a description of the knowledgeable amalyst without
reference to his judgment as an explanation of the systems analysis proc-
ess. Fink is able to do this by considering the analyst as a responder
to discriminatory observations, and by defining discrimination as "a
selective, differentiated association of events available to be responded

to and events that do the responding. For example, if an organism is
surrounded by a set of environmental events, call them E events: E;,

EZ—' Ea, . . . En, 77777

ioral events: B;, By, By, . . . By, and if a subset of the available B
events occurs with a high degree of reliability to a subset of the E
events, we say that we are witnessing an instance of discrimination.”
This definition of discrimination implies that the analyst is surrounded
by a finite number of environmental events, E, and has at his disposal a
finite number of behavioral events, B. Since however the E's and B's

tend even in the simplest situation to be astronomical in number (note
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the discussion on phonemiés in Chapter V) this definition maybe tells us
what the analyst does, but it doés not téll us how he does it, and it
tells only what he does to thé extent that both the observer of the ana-
lyst and the analyst are confronted by a limitéed number of E's and B's.
Thé common element in both phonetics and Fink's discussion is the fact
that théy are réstricted t@ a féiatiOﬁéhip of events for whiéh at least

Conversely, we need the analyst's judgment wheh we lack such rigor-
ous rules; or, in other words, when we lack full awareness of what the
significant elements are and how the interrelationship between thése ele=
ments can be defined. This con¢ept appears in many different forms in
the discussions on the knowledgeable analyst. For imstance, in Chap=
ter IV where Wainstein advocatéd the case study as a means to "help to
ensure that the analyst will properly fit his analysis to the problef
rather than the problem to the analysis" and as "a means of 'testing’
the reality of the analyst's concepts, inputs, and conélusions'; in Chap=
ter V where we showed that in phonemic¢s the analyst is not preécisely
enough aware of what constitutes a significant sound group to develop
rigorous rules for selecting them; and in Chapter VI wheére Rappaport
after discussing purposive problem solving concludes that since "there
may be more than one right path to reach many of the right answers that
are possible, then, lacking omniscience, there is no alternative to de-
veloping enhanced thinking éapability other than through tésting and re-
testing continually the world about us and the systems in it."

We can thus say that theé analyst's judgment as a decision criterion
is not needed if the elements affecting the analysis are so well defined
that the analyst's capability to recognize and distinguish between them
presents no problem. On the other hand, where the selection of those

facts or elements that influence the purpose for which the analysis is
performed present a major problem, that is, where the relevant facts or

elements are not clearly defined or ¢éircumscribed and thus not unequivo-

cally distinguishable from those of no consequence to the analysis, there

the analyst's judgment must enter the analysis. The analyst s judgment

is then the analyst § awareness of the
hand Or, the ploy ‘of the knowledgeable
natr;x-ngtwgrk approach wherever we require @f the aaalyst an awareness

of the problem at hand.

What is this awareness? It is a subjective, private state in the
analyst's mind which leads him to the decision that certain elements and
1

elations are or are not relevant to the analysis at hand. While this
erations it is not

o

awareness can result in objectively observable o
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identical with these operations nor deducible from these operations,
éxcept to the extent that it expresses itsélf through corresponding op=
erations. Since awareness is purely subjective, it is itself not objec=
tively verifiable.

Awareness is a well known concept of the Introspective school of
psychology of the early twentieth century; the concept is, however, no
longer part of modern experimental psychology. In introducing the con=
cept here;, are we not turning back the clock? Obviously, I do noet think
80, and I find my reasons in the purposes of experimeéntal psycholegy and
in the purpose for developing an approach for systems analysis. The ex=
perimental psychologist studies human behavier in érder to predict it,
and in his studies of human behavior he has found that he can predict
behavior most unequivocally and parsimoniously if he restyricts himself
to terms that deseribe human behavior through objectively verifiable
events. In other words, the experimental psychologist is a scientist
who attempts to develop general theories for the prediétion o6f human bes
havior by using a minimum of operationally well=defined terms and veérifi=
able relations. However, in the matrix-network approach thé primary
interest is in developing an approach for analysts to follow in structurs=
ing complex systems, not in predicting their performance in structuring
complex systems. We are thus not ihnterested in predicting the analyst's
behavior but rather in giving to o6ther analysts concéepts by which they
can imitate the processes which have led problem solvers to structure
coiplex systems successfully, and thése processés include the problem
solver's awareness of the problem.

The process of structuring complex systems is to a degree analogous
to the driving of a car, and thée driving of a car can be viewed from at
least two different points of view., One is the point of view of an ob=
serving back-seat driver. He describes the driving of the car from the
environmental factors he observes and the operations he sees the driver
perform. Thus in speaking about driving he can say: 'When a car ap-
proaches an intersection at which the traffic light is red the driver
usually stops his car." Another way of looking at driving is from the
driver's point of view, who might describe the same situations by saying:
“When I see a red light at an intersection I stop my car." The former
statement can be verified by other observers; the latter--since it is a
report of the "I"--cannot be objectively verified. The former statement
also indicates that sometimes the driver does not stop when the light is
red, and that thus the relationship between "red light" and "stopping"
is only a probable one. By contrast, the driver's statement is not a
probable relationship, but is certain by definition, since it restricts
itself to the individual's response to a situation of which he is aware.
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most appropriate to tell him that if he sées a red light at an intérsec-
tion he should stop the éar; rathér than that a probable reélationship
exists between 'red light'" and '"stopping." On the other hand, if we are
interested in évaluating the driver's performance of predicting future
performance, it is inconcélusive to ask him if he stopped when the light
was red, but through observation of objectively verifiable opérations we
must determine if and how frequently he actually stopped. Thus a practi-=
¢al approach to structuring complex systems which gives prospective anas=
lysts information on what they should and should not imitaté must include
the ¢oncept of awareness; however, an evaluation of the success with which
the opération is performed, or; a prédiction on how well ceértain opera=
tions will be performed does hot need to contain thé concept of awareness=-
in fact should not contain this concept since the céoncépt is not objee=
tively verifiable; and as experimental psychology has shown not necéessary
fof thée objective verification of operations.

Does the identification of the knowledgeable analyst's judgment with
the analyst's awareness give us the élue we need for transforming the
matrix=network approach into a méthod for systems analysis? Yes and no.
A method is a rigorous; formal procéedure in which each opération follows
from the preceding operations, and such formal, objective procedures can=
not entail subject concepts; thus théy cannot éntail awareness. There=
fore, to elevate the approach to a method we must eliminate the heed of
"awarenéss' from the approach. As we noted, this can bé doné and can
only be done if we are dealing with the structuring and analysis of well-
defined problems. A method for systems analysis can thus be developed
only if systems analysis i8 restricéted to the analysis of weéll=defined
problems .

I1f, however, the systems analyst is asked to apalyze and structure
solutions to natural problems which are ills=defined and ill-structured,
and this is usually the case, he has a choice between three alternatives:
(1) He can reject the problem as being too ill defined to be amenable to
systems analysis; (2) He can restate the ill-structured problem intuitively
in terms of a well-defined and structured problem and solve this problem
by rigorous, formal methods; or (3) He can structure the nature problem
through a systematic but informal approach which permits his awareness of

the implications of the problem to influence each step of the analysis.

Since the first of these alternatives is a retreat from the problem
we can reject it out of hand; however, we should not overlook, as we
mentioned in Chapter 11, that this path of retreat may be the prudent
man's choice,
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The advantages alid dangérs of the other two alternatives are obvious.
In the second alternative formal, rigorous, and thiis repeatable methods
are used to6 obtain solutions of Festated problems. The validity of these
golutions in relation to thé restated problem will be beyond doubt, but
their meaningfulness to the natural problem may be only peripheral. If
the natural problem is rather simple this is probably not the case (note
the success of lineaTr programming models for scheduling opérations); but
if the natural problem is complex, the one=time intuitive interpretation
never checked, or checked only after thé entire formal analysis is com=
pleted, may well lead an analyst ast¥ay. Still this is the alteérnative
selected by those who feel that it is thé systems analyst's job to solve
problems solely with formal techniqués, as for instancée Bellman and
Brock.* Note also that Fink, who avoids the use of the analyst's judgment
as a decision criterioh, must begin his "system development problem"
(page 117) with explicitly stated missioh objectives, environmental eévents,
and performancé requirements=-in other words, with a well-defined rather
than a natural problem.

In the third alternative, the analyst's awareness of the implicationms
of thé natural problem influen¢es each steép in the analysis, thus giving
assurance, albeit informally, that he is solving the actual problem. Uns=
fortunately, the informality of the various steps of thé approach makes
the precise repetitioh of these steps by other analysts doubtful. Still;
this alternative appears to be the only way in which a solution to the real
problem can be achieved with at least somé degrée of confidence, even if
this degree o6f confidence cannot be formally measured,

In the matrix-netowrk approach I hope to have presented one way for
giving us some confidence in the completenéss of the analysis, and some
confidence in its rigor through the use of mathematical models as systems
descriptions wherever justifiable., However, the function that the mathe-
matical wodels perform in the matrix-network approach differs from those
they perform in the second alternative, where they are used to present a
solution to the problem, whereas in the matrix-network approach they are
used to highlight complex relationships to increase the analyst's (and
ultimately the decision maker's) awaremess of what is relevant to and

implied by a solution of the natural problem. Observations of systems

analysis in the actual decision-making processes suggest that mathematical
models have in practice been used only in the latter way, even if those
who performed the mathematical analyses thought they were used or should
be used in the former. An approach to systems analysis involving

L]

* Richard Bellman and Paul Brock, "On the Concept of a Problem and

Problem Solving,’ American Mathematical Monthly, Vol. 67, No. 2,
February 1960. o - o
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knowledgeable analyst can reflect better the questions that arise in the
actual decision-making process, while a method for systems analysis can
result only in a background study, which then still needs to be knitted,
soméhow, into the logical process of the actual decision-maker.

The c¢oncept that a knowledgeable man aided by rational approaches
is needed for decision~making is not a new one. This concept is at least
as old as Western man's writings. Plato's philosopher king, the stories
of the line and of the cave, Kant's Antinomies, and by indirectioen
Goeédel's incompletéeness proof are examples of this. While man's attempts
to develop méthods that éxplain éverything in a singlé rational model
have often effectively highlighted limiteéd problems, these methods-==from
Democritus to Freud and Pavliov-=wheén carried to theéir limits lead to
meaningless tautologies. Likewise, man's attempt to dispense with pre=
conceived notions and models and rely solely on experiénce has broiight
habit. Man advanced in science as well as technology whén he combined
his capability for rational thought with his ever-growing awaréness=-
insight; intuition, ¢all it what you will-=of thé problems surrounding
him. While he can at times use methods te verify what he proposes, only
an approach c¢an léad him toward making good proposals, good decisions.
It is my hope that our approach of structured thought and uninhibited
Jjudgment will provide a clue for those who seék to answer predesignated
problems about complex systems.
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